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Department of the Intebioe, 
Bureau of Education, 
Washington J D. C, Fehruarg 21 j 1890. 

Sib : I have the honor to traDSinit herewith a mannscript of a circular 
apon the *' Sanitary Condition of Schoolhouses,'^ the preparation of 
which was procared by Hon. N. H. B. Dawson, lately Commissioner 
of Education. 

The author of the circular is Dr. A. P. Marble, superintendent of the 
public schools of Worcester, Mass., and during the last year president 
of the l^ational Education Association of the United States. Dr. 
Marble is a man of scientific attainments, and has for years made a 
study of the problem of ventilation, heating, lighting, draining, and 
schoolhouse construction. The value of the circular will be increased 
by the addition to it, in the form of an appendix, of a number of de- 
signs of school buildings of various sizes, carefully selected with a view 
to commodiousness, healthfulness, and economy of construction. 
Among these designs special attention is called to the series of nine- 
teen i)lates constituting the prize designs selected and published by 
the State of New Y ork in 1888. The Bureau is indebted to Hon. A. S. 
Draper, superintendent of public instruction of the State of New York, 
for permission to republish these designs, and also for the use of the 
electrotype plates. 

The plates of a number of excellent plans have also been kindly 
loaned to the Bureau by Hon. J. B. Thayer, State superintendent of 
public instruction of Wisconsin, Mr. Jared Sanford, commissioner of 
schools of West Chester County, E. Y., Messrs. Isaac D. Smead & Co., 
Toledo, Ohio, Fuller, Warren & Co., Troy, N. Y., and the Venetian 
Blind Company, Burlington, Vt. 

This circular will be of great use to school authorities, and can not 
fail to result in improving the quality and condition of schoolhouses 
throughout the country. 

I respectfully recommend its publication at the earliest date possible. 

Very respectfully, your obedient servant, 

W. T. Hareis, 

Commissioner. 
Hon. John W. Noble, 



Secretary of the Interior, 
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SANITARY CONDITIONS FOR SCHOOLHOUSES. 



INTRODUCTION. 

SomethiDg like seven-eighths of all children under the age of 15 
attending school are in the pablic schools, and the general interest 
taken in these schools has led to investigations respecting the health- 
fnlness of the surroundings and buildings provided for these children, 
and the effect of school upon the health and growth of the pupils, and 
the conditions most favorable to study. For the last 20 years much 
attention has been given to the proper heating and ventilation of school- 
houses snid of other public buildings, and very great improvements 
have been made. The best systems now in use are incomparably bet- 
ter than those in use only 10 or 12 years ago. As late as 1880, an 
English work by an eminent writer on school architecture advocated 
the warming of schoolrooms by open grates and the introduction of 
fresh air at the bottom of the room and its withdrawal through open- 
ings in the ceiling or near it. This method of ventilation is now uni- 
versally conc4*ded to be defective and objectionable. 

The large number of children assembled in schools, the number o( 
hours they spend together at the most impressionable period of their 
lives, and the necessity for healthy bodily conditions if we would secure 
good mental growth, all require that the best known provisions bo 
made for their health while in school. Nor should mental growth be 
of less concern than physical well-being, since both have a direct 
influence upon morals, which is more important than either. 

The subject of sanitation will here be considered under the three 
heads of — 

I. — Ventilation and heating 5 
II. — Drainage and lavatories ; 

III. — Lighting. 
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L— VENTILATION AND HEATING. 



GBEAT NEED OF ATTENTION TO THIS SUBJECT. 

With all the attention that has been paid to ventilation, the subject 
has till qaite recently been in its infancy, if even now it has attained 
anything like maturity. This fact is shown in the ill-ventilated and 
l)Oorly heated halls in all parts of this country and in Europe. It 
appears in nearly all the costly churches, where the provision for 
renewal of the air is quite generally wholly insufficient and in a major- 
ity of cases not one-twentieth of what it should be. The reason that 
people are alive and in tolerable health is that they spend only a very 
small fraction of their time in these halls and churches. 

Legislative halls are no better. In many State capitols and munici- 
pal council chambers large sums of money have been expended in the 
attempt to supply the members of these assemblies with fresh air after 
the buildings have been erected with a view to architectural display 
and with but little regard to comfort, or the best effects of light, or the 
proper distribution of heat and the supply of air. But most of these 
attempts have either failed utterly or have been only partially suc- 
cessful. 

"N'otably the capitol at Washington has been subjected to numerous 
experiments ; but thus far all have proved failures. No hall on the con- 
tinent, it is probably safe to say, is filled with fouler air than the gal- 
leries of the House of Kepresentatives near the close of an afternoon 
session. A person from the outside world is liable to be made sick by 
it in 15 minutes, and but few can stand it for more than half an hour 
without suffering from nausea, headache, and dizziness. And yet 
$100,000 or more have been expended, first and last, in seeking to 
remedy this evil. 

Many schoolhouses are but little better; and yet most of the children 
live through it because they go into the open air frequently at recesses, 
at noon, and morning and night, and the system habituates itself to 
throwing off the poison inhaled with the vitiated air of the schoolroom, 
just as a man becomes accustomed to the nicotine poison of tobacco 
and the alcoholic poison of whisky, and just as the human body has the 
power of adapting itself to the rigor of an arctic winter, and again to 
the heat of a torrid summer. The Creator seems to have given us this 

8 



VENTILATION AND HEATING. 9 

power of adaptation in order that the race might not become extinct 
while we are learning how to avail onrselves of the free pare air every- 
where supplied. Bat it will not do to presume too long oq this adapta- 
bility. The evidences of degeneracy here and there warn as that it is 
high time to presume no longer. . 

And in private houses the case is generally even worse than in school- 
houses and public halls. The safety in these houses lies in the fact 
that but few people generally are confined in odc room. It is likely 
that a very large majority of private houses are heated with stoves, and 
that in nine-tenths of them no provision whatever is made for changing 
the air of the room except the occasional opening of a door or a window 
and the withdrawal of a very small quantity of air through the draft of 
the stove. 

CONDITIONS VARY. 

In considering what is the best means for heating and ventilating 
there are various conditions that must not be lost sight of. A large 
house heated by a furnace or by indirect steam, with a small family, is 
one thing. A small house heated by a stove, with a large family, is 
quite different. In both these the rooms, or a part of them, are occu- 
)»ied through the whole 24 hours. A schoolroom, on the other hand, 
is occupied only 5 or 6 hours in the day, but it is inhabited by a large 
number of children during that time. These children moreover are at 
the period of greatest growth. The tissues of the body are renewed 
rapidly, and the excretions through the skin and the exhalations from 
the lungs vitiate the air very rapidl3% Furthermore, these children 
often come from houses not the most scrupulously clean ; their clothes 
are sometimes filled with the odors that arise from cooking, for one 
room has to serve for kitchen, dining room, and living room. In such a 
place boiled cabbage, fried onions, or garlic, sausage meat, and dough- 
nuts leave traces of perfume in the dresses of girls and in the jackets of 
boys. Nor should anyone regard this fact " with a disdainful smile,'' for 
out of such surroundings have arisen men and women eminent in the 
Kepublic. The fact is emphasized here only to show that schoolrooms 
where such men and women may be developed ought to have plenty of 
fresh air. 

Difference of climate also is a condition whi(5h very much aft'ects the 
problem of heating and ventilating schoolhouses and dwellings; and 
an essay designed for all portions of the country, while describing 
what may be needful for Minnesota and Maine, must be taken with 
large modifications when applied to the conditions of South Garolina 
or southern California. But this modification is chiefly one of degree 
and not a change in principles. 

VITIATED AIR. 

It is not the purpose here to enter into any scientific discussion of 
the constituents of foul air, though something of this nature appears 
below (pp. 43-45). It is rather the purpose to treat the subject in its 
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practical aspects and in a popular way, and yet it is hoped that noth- 
ing will appear that is inconsistent with the science of the sabject. 

Popularly, then, it is said that the air which has been exhaled from 
the lungs contains a certain larger per cent of carbonic acid gas, 
and this gas is known to be heavier than the pure air. It is this gas 
which settles at the bottom of a certain valley in France to the depth of 
2 or 3 feet. Taken into the lungs of an animal it causes death ; hence 
a dog dies when he tries to walk through this valley, because he is im- 
mersed in the gas and can breathe no air, while a man walking 
through with his head above the stratum of carbonic acid gas and in 
the air, remains uninjured. The danger from this gas arises from the 
exclusion of air, and not so much from its poisonous nature. It is often 
asserted that in the process of ventilation the exhaust should be from 
the bottom of the room because this gas settles there. It is true that 
the exhaust should be from the bottom of the room, but not for this 
reason. The foul air of a schoolroom is not always or necessarily at 
the bottom of the room. It is at the top of the room under certain con- 
ditions, and perhaps more frequently than at the bottom. The impurity 
does not consist of carbonic acid alone ; it consists of exhalations from 
the skin, of other substances thrown off from the lungs besides this gas, 
and of watery vapor. All this is at a temperature very nearly that of 
the lungs and the body, which is normally about 98^ F., and hence it is 
lighter than the air of the room, and it tends to rise for that reason. 
Even the carbonic acid, which in its pure state is heavier than air at 
the same temperature, being of a higher temperature and mixed with 
vapor and various impurities, rises to the top of the room at first instead 
of settling to the floor. 

This has been proved by the following experiment: The schoolroom. 
Fig. 1, was about 40 feet long and 25 or 30 feet wide. It was 10 feet 
high to the cornice a, just above the windows; and above the cornice 
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VENTILATION AND HEATING. 11 

the ceiling rose in a flat arch 3 or 4 feet to 6. On the back side were 
half a dozen windows, on the front side were three doors, and at each 
end there was a fireplace, o, c, with a good draft ; on the back side of 
each fireplace, at the end, was a window, and on the front side was a 
door. The room was heated by a large stove. While the school was 
in session, the air was admitted from the halls through transoms over 
the doors, and through the windows, which were lowered an inch or 
two ; and it was exhausted through the fireplaces. The school closed 
at 1 o'clock, when the windows and doors were thrown open and the 
wind was alloi^ed to sweep through the room all the afternood. The 
room was then as sweet as the out-door air. At night the doors an<l 
windows were closed and the fire in the stove was allowed to smolder; 
but in the morning the room was filled with the school-house odor of 
foul breaths. At first this seemed unaccountable; but upon carefal 
investigation it appeared that a stratum of warm and impure air had 
remained in the arch above the cornice, during the afternoon, when the 
wind had swept through the lower part of the r5om ; and as it cooled 
at night this foul air had settled and diffused itself throughout the 
room. The discovery was made by mounting a ladder to hang a pic- 
ture and putting the head into the stratum of air above the cornice, 
just before closing the room for the night. This experiment shows 
beyond a doubt that the foul air will rise to the top of a heated school 
room, and that this part needs ventilation not less than the bottom. 

The conditions in this room would have been vastly improved if the 
windows had extended to the top of the arch or if there had been a 
ventilating register at the top of the arch leading into the chimney 
flue. But the ventilator should have been closed during the day, in 
this case, or else the heated air of the room would pass out rapidly at 
the top; and in case the windows were extended to the highest part of 
the ceiling the warm air would pass out in the same way, unless the 
openings were barely large enough to supply the air which was ex- 
hausted through the fireplaces.* 

BADIANT HEAT. 

In a small room there is no doubt that an open grate or a wood fire 
is the best means of. heating and ventilation. The heat is by this 
means radiated directly from the glowing coals; it strikes the funiture, 
walls, ceiling, and floor of the room and warms them. The air is 
warmed by contact with these objects and not by the radiant heat 
passing through it. The air for breathing is therefore comparatively 
cool, as it ought to be ; it retains its natural moisture, and does not absorb 
from the nostrils, air-passages, and lungs so much of the moisture as 
to leave them in a dry, parched, and unhealthy condition. The draft 
of the open fireplace changes the air in the room frequently, and, if 
the air is supplied through passages around the fireplace connected 

* For currents of heated air see Figa. 24-30. 
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with the oatside near the floor and opening near the top of the room 
above the fireplace, it is partially warmed in passing around the brick 
work behind the fireplace; and these conditions are nearly perfect.* 

Bat what is so admirable on a small scale is not snited to a large 
room with many people in it. Too many fireplaces wonld be required, 
and in a large building of many rooms the care of these and the in- 
evitable interruption which it would cause, to say nothing of the dust 
and ashes that would be scattered over the room, all make a great and 
unnecessary expense. The cost of fuel would also be enormous, for 
not more than one-eighth of the heat generated by the combustion 
would be available in the rooms ; the other seven-eighths would pass 
up the chimney. 

^ HEATINa BY STOVES. 

In a close room the air can be very economically heated by a stove of 
suitable size. The air is heated by contact with the heated iron of the 
stove, and its volufne being increased by the rarification which heat 
produces the air immediately rises to the top of the room and is re- 
placed by the denser cold air, and this in turn becomes heated to rise 
and be replaced by more cold air. It will greatly facilitate this move- 
ment of the air, and the consequent heating of all p^ts of the room, to 
surround the stove by a jacket of sheet iron raised a few inches from 
the floor and distant 5 or 6 inches from the stove. The air passes un- 
der the jacket and up between it and the stove, and becomes heated in 
passing. The motion is much more rapid with the jacket, and those 
pupils who sit nearest the stove are by it relieved from the too great heat 
directly from the stove. Seats near the stove and those in the farthest 
part of the room thus become equally comfortable. Such a movement 
of the air is illustrated by the following diagram (Fig. 2.) of the plan 
and the vertical section of a round stove with jacket. 

A very convenient modificationof the jacket is made by constructing 
a frame of board about 2 feet wide and 3 or 4 feet high, and of slats 2 
or 2i inches wide, with the sides extending 6 or 8 inches below the 
cross-bars, and a less distance above them. This frame is then covered 

* See Circalar of Information No. 4, 1880. pp. 78, 79. 
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with sheet zinc or iron, and two of the frames are hinged together so 
as to open and shut like a book. When placed near the stove and 








Fig. 2. 



opened nearly at a right angle, one of these double frames will serve as 
a screen^ and two of them may be so placed as to serve as a jacket for 
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the Btove. This screen is repreeented rongbly in Fig. 3 ; of coarse its 
size sbonld depend apon the diamot«r and the height of the stove to be 
enclosed, and the form may vary to salt the taste. 



Fig. 3. 

There are stoves on the marliet of varioas kinds made npon the 
principle of this jacket ; that is, they are inclosed in sheei iron in sucli 
a way that the air from the bottom of the room, near the floor, passes 
np between ihe heated surface and an outer covering, and is thus made 
to circulate through the room. While this means of heating is very 
direct aud economical, land well enough adapted to an uDoccupied room 
that is to be heated, such a plan is the worst possible for a room full of 
children. It does not provide for any renewal of the air; and if the air 
is admitted through a register or flue at one point in the room, and ex- 
hausted at another point, there is this objection, that the air is cold 
when admitted to the room. If not very carefully arranged, the open- 
ings will cause drafts that strike the heads of pupils, since this colder air 
always tends to fall, as it is presumably colder than the air in the room. 
If such a stove as is described above is the best to be had, then the fresh 
air should be admitted at the top of the room. But if the opening is 
directly through the wall, the tendency will be fur the warm air to pass 
outward, instead of the fresh air passing inward. To obviate this 
difficulty, the opening outward should be several feet below the top of 
the room ; the flue should be extended upward and oi>en into the room. 
Such an arrangement allows the passage of air into the room, while the 
warm air does not tend to pass outward. 

This construction is illustrated in Fig. 4, in which a represents an 
opening in the outer wall, which is connected by a flue with the regis- 
ter b opening into the room. The heated air which rises to the top of 
the room will not pass outward through the flue, because it is lighter 



VENTILATION AND HEATING. 



15 



thau the external air ; if a were directly opposite to 6, the draft would 
ordinarily be outward. On the opposite (left) side of the room, c rep- 
resents a register connected with a flue, and if this flue is heated the 
air from near the floor will be drawn upward and out of the room. If 
this exhaust is sufficiently rapid, and if the flue is of sufficient size, if 
also there are several such openings as a and &, and of sufficient size, 
the air in the room may be changed with tolerable rapidity. Such ven- 
tilation is defective because the air in the room can not be heated by the 




Fig. 4. 

stove in cold weather so fast as it should be admitted and exhausted ; 
and some very eflPective means would be required for heating the flue 
c d in order to secure a sufficiently rapid exhaust. But defective as 
this plan is, it is vastly better than none, and probably it is much better 
than anything provided for a great majority of schoolhouses. It has 
this advantage, that it can be introduced iato old houses. 

The Eureka ventilator is made to supply fresh air on the principle of 
the flue a b (Fig. 4), and if six or eight of 
them are inserted on two of the outer CeiUn^, 

walls of an ordinary schoolroom, they 
will supply an amount of fresh air that 
will sustain life fairly well. As the air 
enters through one of these ventilators 
it has a tendency upward; the air is 
thus diffused, and it is therefore less lia- 
ble to strike the heads of the pupils in a 
cold current. The principle is illus- 
trated in Fig. 5. The slats at a, like 
an ordinary window blind, shed the ^ . ^ ^ 

. , *^ ,, ' , . , Fig. 5.— Eureka ventilator. 

water m a storm ; those at h give the 

incoming air an upward motion, and diffuse it through the room. 
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The trapdoor hinged at c may be used to close the ventilator; and it 
is operated by a cord extending into the room and passing over a 
palley. 

In the absence of even this method of admitting fresh air, a very 
simple means may be supplied by fitting a piece of board 3 or 4 inches 
wide, so that it may be placed under the lower sash of a window, 
and completely close the opening. The raising of this lower sash will 
leave an open space between the upper and the lower sash, through 
which the air will enter the room with an upward motion (Fig. 6). Of 
course, such a simple contrivance will not afford good ventilation ; it is 
simply better than nothing. 

With these last two methods for admitting fresh air, and with such 
a stove' as has been described above, the value, such as they have, will 

depend upon the means of exhausting the 

air. In cold weather the exhaust should 
always be from the bottom of the room, 
close down to the floor. It may be secured 
through a flue adjoining the smoke-flue of 
the stove and heated by it. Such a flue 
ought to have one register near the floor, 
and another near the ceiling. The latter 
should be closed, except in warm weather 
and for a few hours after school. Its use is 
to remove the vitiated air that may settle at 
the top of the room, as illustrated in 
Fig. 1. 

A much better method of heating by or- 
dinary stoves is to surround the stove with 
a jacket extending to the floor, and having 
a door in front through which to regulate and feed the stove. Beneath 
the stove an opening may be made in the floor and connected with the 
outer air, but never with the basement. The fresh air from outside is thus 
heated as it passes into the room ; and if the exhaust is near the stove, 
and through a flue extending to the floor, the conditions are excellent, 
provided that the stove, the air supply, and the ventilating flue are of 
sufficient size. They ought to be about four times as large as is gener- 
ally thought. Such a stove as is here described is shown in Fig. 7. 
By closing the ventilating flue and the outer air supply at night, and 
by opening the door of the jacket, or the lower part of the jacket, the 
air within the room may be kept warm, when it is unoccupied, with a 
low fire. In this way the room may be well heated before the pupils 
enter ; but while pupils are in the room the supply and the exhaust 
of the air should continue. 
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Fig. 6. 
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If the lefpater in the ventilating flue at the top of the room is kept 
open, tbeD the warm air from the stove will pass ap and directly oat of 
the room, as surely as water trill flow from a hole in the bottom of a 
barrel ; and the room will be neither heated nor ventilated. This upper 
register oaght always to be closed when the room is to be heated. 



There are varions jacket stoves or heaters in the market that embody 
the principles outlined above. All these are connected through the 
floor, at the base, with a flue extending to the outer air; and iu this 
flue the current is regulated by a damper. On the second floor of a 
house this flue may be carried between the timbers to the outer wall 
of the house, where the opening should be protected from storms by 
stats slopiug downward, like those of the Eureka ventilator referred to 
above (p. 15). 

710— No. 3 2 
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Flo. l<L~The nnl( whoolroom tuoter. (DeaiKsed MpecUUy for lutrd co*l.) 



8ANITABT CONDITIOSS POK SCBOOLHOOSE8. 



Ra. 10b — Th« dnplei HhoolnHm hHtar. (Dnalcncd Mpwiially for hard ooaL) 

This is the latest and one of the best of these ventilating stoves or 
beaters. It has one, two, or three fire boxes, all or a part of wbich 
may be nsed, according to the temperature. The air may be taken from 
the oatside when the school is in session ; or at night and before school, 
when the air in the room is pnre, this air may be passed through the 
heater and raised to the required temperature. Connected with this 
heater is a ventilating flue that is heated by the smoke pipe, and by 
this floe the fool air may be exhausted from the room at the baek of the 
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stove and just below where the warm fresh air enters. This secures 
the most i>erfect distribution of the heated air throughout the room, as 
is shown in Fig. 30. The use of this heater does away with the neces- 
sity for a separate ventilating flue. It is therefore specially adapted 
to introduction into houses already built. One large heater may also 
be used for heating and ventilating two roon;is, one above the other. 
(See, also, Appendix I.) 

HOT-AIB FURNACES. 

These ventilating or jacket stoves are adapted to small houses with 
only one or two rooms. Larger buildings' may be better and more eco- 
nomically heated by furnaces in the basement. Such a heating appa- 
ratus, being in one place or in several places near together, can be more 
easily cared for by the janitor than several stoves in different rooms 
and on different floors, and all the noise and confusion in the school- 
room is avoided. The dust, too, which inevitably escapes more or less 
from any fire, is kept in the basement, and it need not get into the 
schoolroom at all, as it must where stoves are used. 

Heating rooms by hot air has this advantage, that there can be no 
beat without a change of air ; hence there is always ventilation where 
there is heat. If the room is warm, there is ventilation of necessity. 

On the other hand there is an evil attendant upon this means of 
heating. Unlike radiant heat, it is the air of the room, and not the 
walls and furniture, that is heated. The air warms the room, and not 
the room and the tire the air, as where radiant heat is used. (See p. 11.) 
Moreover, as the air is raised in temperature, its capacity for moisture 
is increased. It dries the farniture and finish of the room, causing 
shrinkage and cracks, and it absorbs the moisture from the skin, throat, 
air-passages, and lungs of the pupils, making them feel parched and 
dry. This is very unhealthy. It causes diseases of various kinds. This 
evil has produced a prejudice against hot-air furnaces, but the evil may 
be easily avoided. It has been caused by the general custom of heat- 
ing the air too much, and even burning it — charring any impurities 
contained in the air and destroying the oxygen, which is the life- 
giving principle of pure air — and by inattention to moistening the air 
sufficiently. 

Usually, in the old furnaces, a small quantity of air has been delivered 
to the room at a temperature of 160^ or 200°, to mix with the cooler air 
of the room so as to produce the required temperature of 68^5 and 
again, the attempt has frequently been made to send a current of hot 
air into a room without any means of removing the air already in the 
room. This attempt is as futile as trying to pour water into a bottle 
already full. Most rooms are not absolutely tight. There are crevices 
Hround the doors and windows and through the walls more or less, and 
the doors are opened more or less frequently, so that the attempt has 
not always been entirely unsuccessful ; but when the wind blows against 
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the windows and forces itself through the crevices in the walls, the 
heated air will not rise into the room so situated, and it is impossible 
to heat it in this way. By connecting a register near the floor of sach 
a room with the bottom of the furnace where cold air is admitted, the 
cold air in the room will fall to the lower part of the furnace, creating 
a vacuum in the room, and the heated air from the furnace will then 
rise to fill and warm the room. The air should never be thus reheated, 
however, in an occupied room; 

In all methods of heating by hot-air furnaces, or by indirect steam or 
hot water, as much care should be taken to secure the exhaust from the 
room as is taken to supply the room with fresh warm air. And this is 
required for the heating alone, as well as for the proper ventilation of 
the room. 

In all methods of this indirect heating, provision should be made for 
supplying the air with the amount of moisture which it demands in con- 
sequence of its higher temperature. This moisture may be supplied by 
placing a shallow dish of fresh water in such a position that the warm 
air may pass over it and acsorb the moisture. And here great care 
should be taken to secure the right amount of moisture ior the air. If 
this amount is too little, parched lips and throats, and shrunken furniture 
will result, as shown above ^ if the amount of moisture is too great, 
equally pernicious results will follow. The pupil will breathe an atmos- 
phere saturated with steam ; the furniture, ceilings, and the books and 
apparatus will be injured : and the health of the children will be se- 
riously exposed when they go into the cold outdoor air with their cloth- 
ing moist, and the pores of their bodies and lungs opened by breathing 
an atmosphere of steam, more or less perceptible. 

In any method of heating, the proper regulating of the moisture is of 
supreme importance ; it is of more importance in using furnaces, because 
not unfrequently the iron of these furnaces is heated to redness, so that 
the capacity for moisture of the air is very greatly increased. In heating 
by hot water the apparatus can never rise to a temperature much above 
212<=^. This danger is, therefoi e, reduced to a minimum. And in heating 
by steam the apparatus never rises to so high a degree of heat as it 
may, and sometimes does, with furnaces. 

In respect to steam heat there is a popular fallacy that because steam 
is apparently moist the air heated by steam must, therefore, be moist. 
This is an error, because the air is heated only by contact with the iron 
of the radiators ; and this iron is heated by the steam within. Pure 
steam at a high temperature is dry. Whether or not the steam is dry 
within the radiators, so long as it is confined within them the air with- 
out receives no moisture from the steam. The reason for the popular 
impression that steam heat is not dry is that quite generally more or 
less steam escapes from the apparatus. This escape is likely to result in 
too much moisture; and when this is the case the evil is likely to be 
greater than if there were too little moisture. It is within the experience 



VENTILATION AND HEATING. 25 

of most persons familiar with steam heat that it dries the air and 
shrinks the furniture. It is equally within their experience, that a 
leaky radiator will render a room uninhabitable from the presence of 
steam. 

In heating by hot-air furnaces, the radiating surface should be very 
large ; and it should never be heated to redness. The fire should be 
made to burn slowly, and never be forced. When fresh coal is put on 
the draft should be left open for a while, and a sufficient amount of air 
should be admitted above the coal to consume all the gas that is gener- 
ated by the heat of the burning coal below the fresh coal. The draft 
should not be closed till all the fresh coal has been burned to redness. 
It is generally more economical to supply fresh coal often, and in thin 
layers. This is true of boilers and stoves as well as of furnaces. Not 
infrequently in passing houses where furnace fires are kept, a percep- 
tible odor of coal gas may be perceived in the street. This is caused 
by placing a layel* of fresh coal upon a hot fire and closing the draft of 
the furnace. The apparatus is then converted into a gas manufactory ; 
and the gas, which is the most valuable part of the coal for combustion 
and heat, is driven off and escapes up the chimney without burning, 
and without producing any heat. All this waste gas could be converted 
into heat by leaving the draft open till the coal burns to redness, and 
by admitting a small quantity of air above the coaU as most furnaces, 
stoves, and fire boxes of boilers have provision for doing. 

The air to be heated should be admitted through the basement by 
openings in the walls on more than one side of the building, in order 
to avoid the influence of the wind. If the wind blows directly into the 
cold-air flue^ too much air may be forced into the furnace, and thtough 
it into the room before becoming sufficiently heated. On the other 
hand, if the wind is in the opposite direction, not enough air will easily 
pass into the furnace. If the air is conducted to the furnace from 
a room in the cellar connected with opposite sides of the building, 
neither of thiese difficulties will be experienced. Great care shouhi be 
taken that the air supply is pure and as free as possible from dust. It 
should not be taken from near the ground, nor from the vicinity of 
damp places where any decomposition is going on. It should be con- 
ducted to the furnace in an air-tight duct of wood or sheet iron. It is 
dangerous to conduct the fresh air below the floor of the basement, 
because stagnant water and decaying substances are liable to get into 
the duct and contaminate the air. But if it is necessary in any case to 
conduct the fresh air in this way, the greatest care should be taken to 
make the duct of brick laid in hydraulic cement and water-tight; and 
the duct should be easily accessible for inspection at frequent intervals. 

The hot-air flues leading from the furnace to the schoolroom should 
always be vertical, and they should lead directly up from the furnace. 
The best way is to build them of brick plastered smoothly on the in- 
side, but they may be made of galvanized iron. They should be of 
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ample size, haviug a section not less than 2 feet sqnare for a room, of 
40 papils ; and they should enter the room not less than 8 feet above 
the floor. The opening shoald be either wholly unobstructed or, at 
most, screened by an iron frame with wire (not above one-eighth inch), 
with a mesh of about 2 inches. This opening for the admission of air 
should be from one-third to one-half higher than its width ; and the 
top of the flues should slope upward to the top of the opening into the 
room in lobster-back form. 




Fig. 11. 



The top of the flue (Fig. 11) gives the air an outward direction into 
the room. The screen (Fig. 12) is so made as to keep things out of the 
flue and at the same time to obstruct as little as possible the free pas- 
sage of air. If the flue were left entirely open, not much harm could 
follow, because of the height ; but the opening will look better with 
the screen. This opening is never to be closed, for when the air enter- 
ing the room is too hot, by a simple contrivance the hot air is partly or 
wholly shut off at the furnace, and by the same damper the cold air i^ 
admitted through the same flue. Fresh air, either hot or cold, enters 
the room all the time, and the temperature may be regulated by the 
teacher at any time. The simple mechanism for producing this result 
is shown in Fig. 13. While the damper a is closed hot air from the 
inrnace passes up the flue ; by moving the damper to the position 6, 
the hot air is partially shut off and cold air is admitted from the direc- 
tion d'j by moving the damper to c, only cold air can pass up the flue 
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to the room. This damper is to be operated by the teacher. The hot 
air rises into the room by its rarity. The cold air is drawn up by the 
exhaust- ventilation of the room, which is explained below. 

2 ft. 




Fio. 12. 




ColcL Jiir. 



Fio. 13. 



28 SANITARY CONDITIONS FOR SCHOOLHOUSES. 

There is abandant reason for admitting the warm air from the fine at 
least 8 feet from the floor. If the air is admitted throngh a register in 
the floor, it immediately rises to the top of the room ; in passing np it 
canses a draft or movement of the air in the room, which interferes 
with the best distribution of the fresh air throughont the room, and which 
is nnpleasant, if not unhealthy, to the pnpils near the register; and the 
air is not admitted so fast as it is through the flue at least 8 feet from 
the floor, and, worst of all, the dust and smells from dirty shoes over 
a register in the floor contaminate badly the air entering the room. 

THE EXHAUST. 

As already stated, the air should ordinarily be exhausted near the 
floor. It never needs to be exhausted from any other part of the room 
if the fresh air is admitted near the top of the room as has just been 
described. In order that the exit may be as rapid as the influx of the 
air, the exhaust or ventilating flue should be as large as the hot-air 
flue; and it does not need to be any larger, because the hot air is more 
rarefied than the colder air, which goes out near the floor. Some means 
of heating these exhaust or ventilating flues is necessary in order to 
produce a draft. A compact method of securing this exhaust is illus- 
trated in Fig. 14. Here the furnace is located at the side of the ho^air 
flues. These flues open at the top of the furnace for the admission of 
the hot air at 1 1 1 1, and they connect at the bottom with the cold air 
supply below the furnace at 2 2 2 2. They are provided (at 1) with 
dampers (a, Fig. 13) for mixing the hot air with the cold when desired. 
The cut (Fig. 14) contemplates the heating of four rooms, on two stories, 
with the flues between the two rooms. The flue a extends to the top 
of the first-story front room; a' to the back room, same story; b ex- 
tends to the top of the front room, second story, and V to the back 
room on that story. The flue a continued to the highest point of the 
roof serves as a ventilator for the second-story front, and a', extended 
in the same way, ventilates fhe back room on that floor. The flue c ex- 
tends from the first floor to the top of the chimney and exhausts the 
front room, and & exhausts the back room on the same floor. The 
smoke flue d extends from the basement. By this arrangement it will 
be seen that the smoke flue d heats the ventilating flues c and & on 
either side, and causes in them a draft upward, while the ventilating 
flues e and e' are heated by the hot-air flues a and a' below them (the 
hot air impinging against the sheet-iron bottoms of the flues e and e^), 
and by the hot-air flues h and ¥ extending up beside them. The flue 
e' is carried to one side, above the hot-air flue 6, so as to be extended 
through the roof with the other flues. All these exhaust flues should 
open into the room at the floor, through passages as little obstructed as 
the hot-air flues (see Fig. 12). It is better to arrange these openings 
near the floor, and not more than 6 inches in height They can often 
be placed in the rises of the rostrum (when the ventilating flue is behind 
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the teacher), or they may be placed at the bottom of a breastwork in 
front of the flae, and 3 or 4 inches from the wall. In front of all regis- 
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ters and windows where they are opened, tack a piece of ribbon 6 inches 
long to indicate the direction of the current. 
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Two farnaces may be placed side by side, coDnected with the same 
cold air supply, and with one hot-air chamber above. One of these 
furnaces can then be used in mild weather, and both in very cold 
weather. 

It is to be observed that the longer flues b and b'j extending to the 
upper floor, will have a stronger draft than the shorter flues a and a' } 
and hence the greater quantity of air would be delivered to the upper 
rooms. But on the other hand the exhaust flues e and e^, from these 
upper rooms, are shorter than the exhaust flues c and cK, from the 
lower rooms ; and besides, these shorter flues are not heated by the 
hot-air flues so thoroughly as the flues c and & are heated by the 
smoke flue. As the change of air in the room is effected by both the 
movement of the incoming air and the exhaust it is probable that the 
combination of these two forces on the two floors will be about equal. 
But if this is found not to be the case, the movement of air from the 
hot air chamber of the furnace up the flues a a' b b'^ respectively, may 
easily be regulated at the openings 1111. 

By the arrangement of the ventilating flues shown in Fig. 15 (plan 
and elevation), all four are heated by contact with the smoke flue. As 
all these heating and ventilating flues are in the partition between two 
rooms, the smoke flue, with the ventilating flues around it, should be 
placed in the corner of the room, to avoid too many jogs in the parti- 
tion. 

The draft through the ventilating shafts just described, though it 
may work well in the coldest weather and with a hot Are, is not suffi- 
ciently effective in mild weather ; and with no fire in the furnace these 
flues will not draw at all. 

A great improvement in the means of exhausting the air from a 
school-room is described below by reference to Fig. lt>. In this case 
the furnace, as before, is located at the side of the hot-air flues a a' 
and b 6'. These flues are connected with the hot-air chamber by the 
openings 1111; and these openings are provided, each, with a damper 
(a. Fig. 13) which connects with the cold-air chamber of the furnace at 
2 2 2 2. These hot-air flues extend to the top (or nearly so) of the room 
to be heated, b to the second story, front; W to the second story, back; 
a to the first story, front ; and a' to the first story, back. By the side 
of the smoke flue d a ventilating shaft d' extends from the basement to 
the top of the chimney; and the heat from the smoke flue creates a 
draft in this shaft when the furnace is heated. In summer the draft is 
produced by the heater H. Connected with this shaft by a brick 
channel /, below the bottom of the flues, are the ventilating flues e & 
from the second floor, and c & from the first floor — front and back 
respectively. Each of these has an upright register at the floor ob- 
structed as little as possible (see Fig. 12). The strong draft up the 
shaft d' exhausts the air fi*om the rooms, downward through e e' and 
c &, When the furnace is not fired, a fire in the heater E makes a 
continuous ventilation. 
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A closely fitting door of tho same dimensions as the horizontal sec- 
tion of the fonr flues c & and e d may be inserted at the lower end of 
these two fines, on the front side, next to the furnace. If hinged at 
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the bottom, when opened backward this door will disconnect these fines 
from tne channel/ and connect them with the cold-air supply of the 
famace. By this means, when the rooms are not in use the air can be 
drawn from each of them into the furnace through the flues e & and c d^ 
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and as it becomes heated it Till pass to the roomB again throagh the 
fines a a' and b b'. Id this case the oater-air sapply of the fdrnace 
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would, of coarse, be sliut off. It goes without saying that when the 
looms are occupied the air should ueyer be reheated in thifi va;. 
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Positive ventilation by means of the shaft d! and the heater J7, the 
ability to reheat the air of the room when this is desirable, and provision 
for changing the air in mild weather, all show the superiority of this 
means of exhaust over that previously described. This arrangement 
of flues is comx>act; and for heating and ventilating a third story it is 
only necessary to provide the requisite number of hot-air and ventilating 
flues. If six rooms are to be heated in this way, a battery of two or 
even three furnaces may be ranged side by side and one or all may be 
fired, according to the weather. This downward ventilation may be 
made useful in another way, which will be referred to in connection 
with the water closets, on page 41. 

The principle of the downward draft is here thus carefully described, 
because it is the best way to control the movements of air in schoolhouses 
of considerable size, by means of the rarefication of the air by heat, 
and at all seasons ot the year. In practice its introduction has secured 
the best results attained, and the control of the air currents can be 
more economically managed iu the basement than it could be in the 
attic of a house. This control is as complete in mild weather as it is 
iu cold. 

There is a modification of this downward draft, as set forth above, in 
the plans of the Toledo schoolhouse (see Figure 37). As there illus- 
trated, the air of the schoolroom is exhausted through openings at the 
baseboards and beneath the windows. It is then drawn along under 
the floor to the downward flue. By this means the exhaust from dif- 
ferent points on two or more sides of the room distributes the pure air 
thoroughly; the withdrawal of the air of the room below the floor 
tends to keep the floor warm ; and at the same time the draft across 
tbe floor does not strike the feet of the pupils. With this system ex- 
cellent results have for years been secured at Toledo, Ohio, at Roches- 
ter, N. Y., and at many other places. It is to this system that we owe 
tbe first application of the principle of the downward draft. The move- 
ment of the incoming air by this arrangement is shown in Fig. 30. 

But, considering the cost of construction, it is doubtful whether 
equally good results might not be obtained by placing the exhaust at a 
single point, at the floor, and as near as practicable beneath the hot- 
air register, as shown in Fig. 16. 

It is a well-established fact in the warming and ventilating of rooms 
full of people that the air should be raised to a moderate temperature — 
never more than 100^ F. — aul admitted in large volumes, through 
ample flues near the top of the room ; and that the exhaust should be 
from the floor through flues of equal or greater capacity; and, consid- 
ering economy and compactness of construction, the best way to ex- 
haust the air is through a single flue from e^b room, as shown in Figs, 
la and 31. 

710— No, 3 3 
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BEST VENTILATION IN A CLOSED ROOM. 

Bat, in order to insure the best ventilation, a room should be tightly 
built and the doors and windows should be kept closed. If a window, 
a transom, or a door is left open, the movement of the air necessary to 
thoroughly ventilate and warm every part of the room will be dis- 
turbed, and the desired results will not be attained by any system. 

In the cold climate of the Northern States, in winter, the cold glass 
of the windows chills the air within the room as fast as it comes in 
contact with the glass. If the air is at 100^ and the glass at 0^, a 
downward current is at once produced ; anyone sitting near the win- 
dow feels this cold current, and usually he thinks that the cold air is 
blowing in at the window. If such were the case the air would, at 
least, be fresh aud pure; but the air within, which produces the cur- 
rent by being chilled, is not any purer for parting with its heat. In 
like manner stagnant or filthy water may taste better when in an ice 
pitcher; but it is filthy none the less. 

If one-fourth of the wall space of a room is glass, in zero weather 
this glass has the same efiect upon the air as the same number of 
square feet of sheets of ice would have. The air simply parts with its 
heat and falls to the floor. No good ventilation can be had and much 
fuel is wasted. To obviate this loss and to insure good ventilation, 
double windows should be provided in all cold climates. The cost of 
these will be saved in two winters ; but, if there were no saving in cost, 
the increased comfort of pupils would compensate for the extra expense, 
because the temperature of the room can then be made uniform through* 
out. And it is a mistake to suppose that double windows are needed 
only on the north or the west side. The cold winds generally blow from 
that direction, east of the Eockies, it is true, and hence the windows 
are needed more on that side; but the air of the room is chilled on a 
cold day by the glass on the ocher sides nearly as much as on the north, 
(See p. 51.) 

HOT AIR, STEAM, AND HOT WATER. 

Opinions differ as to which is the best of these means of heating a 
schoolroom. For small houses the hot-air furnace is unquestionably 
best, provided always that it is of ample size and that it is never heated 
to redness. It requires less care than steam. By it the room can be 
heated in a shorter time, and after school there is less waste of fuel. A 
prime consideration in heating a schoolhouse is that the rooms are 
used only 5 or G hours of the 24. We require a large amount of heat 
for those few hours and very little for the remaining 18 or 19 hours. 
With a proper furnace a brisk fire for 2 or 3 hours before school will 
heat the rooms to 70 degrees, and after the close of school at 3 or 4 
o'clock a low fire through the night will keep them suflSciently warm, 
^sjpecially if the ventilating flues are conducted into the cold-air box. 
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Id mild weather also the fires cau be kept low and the amoant of heat 
can be easily regulated. 

With large buildings, on the other hand, a single large boiler will 
furnish steam for the whole, and the fire is all in one place. The steam 
can be conducted to radiators at the bottom of the hot-air flues in any 
part of the building, and at these points the radiators act each like a 
hot-air furnace. It is best in all cases to mass these radiators as much 
as possible, and with flues leading up from them, as in Fig. 16, but in 
this case it is better to have the radiators for each room in a separate 
box, and all these boxes connected with the same cold air supply. A 
brick chamber, supplied with fresh air like a furnace, may be con- 
structed with flues on the back side opening at the top of the chamber 
for tlie hot-air supply and at the bottom connected with the cold air. 
The damper a. Fig. 17, when closed permits the free passage of hot air 
up the flue and into the schoolroom, and when moved to 5 a part of 
the hot air is shut oft' and the cold air from d will mix with it. This is 
the same construction which is shown in Fig. 13 for a furnace. Within 
this brick chamber a box of galvanized iron is constructed opposite 
each flue and extending to the top of the chamber 5 the bottom of the 
box is a foot or two from the bottom of the chamber, and is made with 
an adjustable opening for the admission of fresh air. The front of the 
box is distant from the front of the chamber far enough to allow the 
janitor to pass along, and this front opens on hinges. Within each of 
these boxes are two coils of radiating pipes, each with a separate shut- 
off. It will be seen that in this way one or both coils for each room 
may be heated, according to the weather, and each room is heated in- 
dependently of the others. 

This construction applies equally to hot-water apparatus if that 
should be preferred. ' 

Direct radiation by either steam or hot water may do for corridors ; 
a coil may be placed beneath a platform, in a ventilated apartment, for 
warming the feet. But this means of heating a schoolroom is open to 
the same objection as the common stove. It may be useful to supple- 
ment the indirect heat in the coldest weather, but an additional coil in 
the box described in Fig. 17 is both better and cheaper for the extra 
heat. A radiator in the room may be surrounded hy a jacket connect/cd 
witli the outer air like the jacket stove, p. 17. But the contact of the 
cold air is apt to cause snapping of the pipes, so that this device is not 
advisable. 

This snapping of the pipes is a great objection to steam heat, but, 
when skillfully put in and especially when the coils are dispersed as in 
Fig. 17, very little trouble will be experienced from this source. The 
most serious objection to steam heat is the diflSculty of regulating it in 
mild weather, but even here the mixing of the cold air, as in Fig. 17, 
prevents all trouble in the schoolroom and reduces the diflSoulty to a 
mere waste of coal. There is one further objection : no heat is derived 
from a steam-beating apparatus till after the water iu the boiler is 
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raised to 212^ aud steam begins to form. The remedy is for the jani- 
tor to make an early start. 
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THE SPACE AND AMOUNT OF AIR PER MINUTE PER PUPIL. 

In 1882 a commission of experts was appointed to report upon the 
school buildings in the District of Columbia. The following are their 
conclusions: 

1. That aU sides of tbe [school] building shall be fVeely exposed to lip;ht and air; 
for which purpose tbey shall not be leea than Qf) fbet distant from auy opposji^ 
building. 
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2. That not more than three of the floors— fretfer only two — shall be occnpied for 
classrooms. 

3. That in each classroom not less than 15 square feet of floor area shall be allowed 
to each pnpil. 

4. That in each classroom the window space shall not be less than one-fourth 
of the floor space, and the distance of the desk most remote from the window should 
not be more than one and one-half times the height of the top of the window from the 
floor. 

5. That the height of the classroom should never exceed 14 feet. 

6. That the provisions for ventilation should be such as to provide for each person 
in a classroom not less than 30 cubic feet of fresh air per minute, which amount must 
be introduced and thoroughly distributed without creating unpleasant drafts or 
causing any two parts of the room to differ in temperature more than 29 F. or the 
maximum temperatui'e to exceed 70^ F. The velocity of the incoming air should not 
exceed 2 feet per second at any point where it is liable to strike on the person. 

7. That the heating of the fresh air should be effected by indirect radiation. 

8. That all [wardrobes or] closets for containing clothing or wraps shonld be 
thoroughly ventilated. 

The importaDce of the last of these reoommendations may be noted 
here for want of a more appropriate place. Both for the comfort of 
pupils on returning from school, and for the sake of pare air in the 
schoolrooms, all the wraps, overshoes, hats, caps, and umbrellas, and 
stockings on stormy days (an extra pair being kept at school for a 
change), should be deposited in a well-ventilated and heated room. In 
large buildings a part of the basement may be used for tbis purpose ; 
and in schools for large children, a small, separate, and well ventilated 
closet, about 12 by 18 inches, with a door and lock, should be supplied for 
each pupil. With smaller children, who need the oversight, or the as- 
sistance, of the teacher, the cloakrooms should adjoin the schoolroom. 
See Figs. 43, 46, 52, 54, 60. 

It appears that about 200 cubic feet of air space should be provided 
for each pnpil ; the number of square feet of floor space for each should 
be 15. A schoolroom 30 by 25 by 13 feet would then seat about 40 
pupils. For each of these, 30 cubic feet per minute of fresh warm air 
should be supplied ; and the same quantity, of course, should be with- 
drawn from the room. All the air in the room would be changed in 
ten minutes. This air should not move at a greater velocity than 2 feet 
per second, or 120 feet per minute, where it is liable to strike the person. 
Eight feet or more above the floor it may move with greater velocity, 
or 200 feet a minute. This requires an opening of about 6 square feet, 
or 2 by 3 feet ; and this opening would discharge easily a vertical flue 
of 2 by 2 feet, horizontal section (Fig. 11). 

In cold weather, when the difference in weight of the warm air and 
the cold is greatest, this velocity can easily be attained. ' In mild 
weather, however, the result is less positive. But in mild weather there 
is less difficulty about ventilation. The windows may be thrown open 
on warm days. 

But to make this movement of air positive, and to remove all possi- 
bility of failure, the air may be moved by a fan, or blower. This can 
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be SO coDStructed that it may either force the air into all the chambers 
(Fig. 17) from a single fresh-air supply, and deliver the requisite num- 
ber of cubic feet per minute to each room, or it can be made to pull 
the air from each room through the exhaust flues or up the shaft as in 
Fig. 16, if all these flues are connected with a single shaft. 

In forcing the air into the room, through the radiators, it is found, 
flrst, that disagreeable drafts are caused, and that the <nir moves too 
rapidly to the opposite side of the room and along the ceiling; and, 
secondly, it is found that only about one-half of the warm air delivered 
to a room goes out through the ventilator. If the fan is used, on the 
other hand, to pull the air from the room through the exhaust flues, a 
much smaller quantity of air enters through the warm-air flues than is 
withdrawn through the exhaust; the balance finds its way into the 
room, unheated, through the doors and windows. 

In order, then, to produce absolute perfection, and to deliver 30 cubic 
feet of warm air through the flue at the top of the room, and to with- 
draw an equal amount through the exhaust flue, two fans would have 
to be used, of equal capacity, and moving on the same shaft, or with 
uniform velocities ; and this construction would not be difficult. But 
even here there would be this element of uncertainty ; that the air from 
mjiny rooms being withdrawn through a single shaft, more air, at a 
greater velocity, might be exhausted from one room than from another; 
and the same difficulty would occur with the warm air. Nothing short 
of a separate flue for each room, both for the supply and for the exhaust, 
and a blower in each to deliver and exhaust the required volume of air, 
would secure this absolute perfection. In addition to this, the tempera- 
ture of the incoming air would need to be kept at the proper degree by 
some kind of an automatic regulator. Or, instead of the separate flues 
and fans for each room, the air could be forced in from one source by a 
single fan, and exhausted by another through a single shaft, as at first 
described ; and the quantity of air passing through each register might 
be controlled by a governor placed in the flue and controlling the 
damper. Such an apparatus would not be difficult to construct. 

But it is doubtful whether this supply of air needs to be reduced to 
so fine a point. With a heated shaft, as shown in Fig. 16, and with 
heated air from furnaces, as shown in that figure, or from steam coils, 
as shown in Fig. 17, the results are probably as nearly perfect as this 
generation is prepared for.* 

* A powerful heater is shown in Figs. 66-71. 

The care and expense of the machinery for driving a fan are considerahle ; the appa- 
ratus is liable to break down frequently, and a skilled workman is required to manage 
it. By a careful estimate of a skilled architect it would require 800 feet of 1^ inches 
steam pipe for each box (Fig. 17) to supply 30 cubic feet per minute at lOO'^ for each 
pupil, in a room of 40, at zero weather, and with 5 pounds of steam pressure. 
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HOW TO SECUBE GOOD DRAINAGE. 

Where there is a water supply great danger to health is liable to be 
caused by imperfect plumbing and sewerage, especially if the closets 
are in the school building or in the basement, or in an annex connected 
with the basement. Traps to wash basins are liable to siphon and al- 
low sewer gas to escape into the closets. The best of closet bowls, in a 
schoolhouse, are liable to become clogged by pieces of paper, apple 
cores, and other substances which children will throw into them. Uri- 
nals especially are frequently a source of disagreeable odors. To avoid 
exposure it is important that these conveniences should be kept warm, 
and that they should be reached without going into the open air. The 
greatest care should therefore be taken, both in their construction and 
in their daily inspection. 

All drain pipes from closets and wash basins should be extended 
through the roof. All traps should be ventilated so as to be non-siphon- 
ing. If closet bowls are used they should be of the simplest construc- 
tion. Any complicated apparatus is liable, and likely, soon to get out 
of order. It will not do to trust pupils to flush the closets ; and almost 
any automatic apparatus for flushing them is likely to become inopera- 
tive. If such bowls are used they should be flushed at recess by the 
janitor, or by a constant flow of water during that time; and for the 
rest of the time of school session, when they are in occasional use, there 
should be an intermittent flush. The same is true of the ordinary urinals, 
even the best. 

For schoDJs, the Parsons trough water-closet (Figs. 32-35) is bet- 
ter than ordinary bowls, because it is not easily clogged. It is made in 
sections, and as many sections may be used together as are needed. It 
should be fitted with separate seats shutting close at the top, and with 
partitions to keep the closets separate; and each closet should have a 
door raised 3 or 4 inches from the floor. The space below the seats 
should be ventilated by connecting it with a shaft having a strong draft, 
like that in Fig. 16. During recess the water should bo turned on ; at 
other times the tank empties itself once in 5 or 10 minutes. The pecul- 
iar form of the bottom allows a small quantity of water to stand in each 
of the sections ; and the flow cleans out the trough thoroughly. Be- 
neath and behind the trough there should be no woodwork ; the floor 
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should be made of brick or cement, and tlie back of slate. It is better 
to have the partitions between the closets also made of slate. There 
is then no woodwork except the seats, and these should be frequently 
painted, or oiled if made of hard wood. 

THE DRY CLOSET. 

In many schoolhouses a system of dry closets, so called, has been in 
use many years with the most satisfactory results. Where there is no 
water supply, they are unqualifiedly superior to any rival sanitary ap- 
pliance ; and those most familiar with their working regard them as 
superior to any kind of water-closets for school use. 

In these closets the deposits are dried by the constant passage of a 
current of air, through the vault and up a heated flue. The construc- 
tion of the vault being fire-proof, the contents are burned occasionally, 
or they may be removed if desired. 

It is much more economical to conduct the vitiated air of the school 
rooms from the bottom of the ventilating flues through the drj'-closet 
vaults, and thence up the shaft. The air from the schoolrooms is 
wariuer than the external air ; and it therefore dries the excreta more 
rapidly. The means for doing this, is illustrated by Fig. 19. It 
has been claimed that with such a. connection of the vault with the 
flues from the schoolrooms, there is danger of back-drafts. But in 
practice this does not occur, as is stated in the extract from the Wis- 
consin report, Design 12, and in hundreds of places. But if such a 
danger should be feared, it can easily be guarded against by a shut- 
ofl^", and by connecting the end of the vault with the outer air. See K in 
Fig. 19. 

Of these closets one writer says: 

The theory of dry closets is very simple. The practical application is simple and 
efficient. Instead of hiding away in pits and sinks — traps and snares for the unwary — 
or slushing miles of filth into rivers of pollution, and passing it from hand to hand, 
the giant is to be strangled in its cradle by the constant wntchfnluess of draft and 
evaporation. 

When every house shall have a shaft to evaporate its filth ; when the human brain 
shall set down to cheapen and render efficient this system, then sewer and vault will 
be the adjuncts of the drying process. 

Another writer says : 

These closets are compact, taking up about the same space as water-closets. For 
closets built in basements, the foundation is a bed of cement, and the walls of the pit 
for retaining the deposit are of brick laid in cement. The construction is snch that 
in no case can the urine (or any of the contents of the closet) come in contact with 
any wood surface. All the surfaces exposed are such that no material can be satu- 
rated with the moisture ; therefore there is at no time any perceptible odor, and when 
burned out, the pit is as clean as when new. The excrement is deposited on aperforated 
false bottom, or screen, which allows all moisture to fall to the bottom of the pit. 
This not only separates the solid from the liquid, but has the additional advantage 
of presenting three surfaces to the desiccating current of air passing through the 
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closet. lu the direct line of the current of air entorin^r the pit, is placed a heater for 
raising the temperature of the air-cnrront, when the atmosphere is charged with 
moistnre ; as on rainy days. In the boy's closets in schoolhonses, -or wliorever closets 
are to he used by males only, we provide a vejitilated urinal, in which to prevent 
odors from rising, a constant current of air ^ which is afterwar.U used for desiccating 
the contents of the closet) is passed downward over the metal or stone surface of 
which the stalls are constructed. 

The structure of these closets is shown iu Figs. 36-41, and their 
application in schoolhouses is shown in Figs. 42, 45, 50, and 53, 

The greatest difficulty iu school sanitation has boon experienced with 
nrinals. They need constant and careful attention, or they diffuse foul 
odors. 

The most perfect construction yet noticed is illustrated by Fig. 20. A 
variation of this construction is shown in Figs. 39 and 40. 
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Tho floor of both the clpsets and the urinals should be made of slate 
or Portland cemen t. Tho whole apparatus shouUl be thoroughly washed 
every day. The t^uperiority of this apparatns consists in its simplicity. 
There is no wood to become saturated, noplace to clog, and nothing to 
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wash except the smooth partition, back, and trough, and the stone or 
cement floor ; and all tbis can be done with a broom and a pail of water. 
If desired, a water pipe can be extended along the slate partition ^, per- 
forated so as to sprinkle the whole surface. But the chief reliance must 
be placed in the daily washing. 
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This kind of urinal may be used without the dry closet 5 and in that 
case the space behind the partition g must be connected with the ven- 
tilating flue. 

In confirmation of many of the suggestions thus far made, and par- 
ticularly for their inherent value, two reports are here appended. 

The following, by Dr. H. M. Quinby, superintendent of the State 
Lunatic Hospital at Worcester, Mass., was written at the request of the 
school committee of that city, November, 1888 : 

Yentilation implies a constant supply of fresh air sufficient for the prompt removal 
or the proper dilution of any impnrities likely to occur in the air we hreathe. The 
amount of air necessary to effect this object varies with the amount and kind of im- 
purities present. In our dwellings the chief source of contamination comes from the 
processes of respiration and combustion, although if our homes be faulty in con- 
struction or neglected, other and still greater impurities may be present as the result 
of the disintegration and decay which is constantly going on in all orgauized sub- 
stances. These latter impurities, however, can readily be guarded against by clean- 
liness and by the prompt disposal of all effete matter before the process of decay sets 
in. The question, therefore, which is hero presented for solution is one of prevention 
rather than of removal and belongs to another branch of sanitary science, leaving to 
ventilation its proper office of protecting us from those constant and unavoidable 
impurities which result from respiration and bodily exhalations. 

Expired air is composed chiefly of watery vapor, carbonic acid (CO.2), and organic 
matter. 

Many regard the carbonic acid as the noxious principle in this compound, but from 
the fact that atmospheric air with even 2 per cent, of CO3 added can be breathed 
^w^ithout discomfort or injury, it is evident that carbonic acid, uuless present in 
greater quantities than is usually -found even in the worst v ntilated apartments, is 
not injurious to health. It is probable, therefore, that the poisonous agent in ex- 
pired air must be sought for in the organic matter given off at a high temperature 
and saturated with moisture — the essentials for rapid decay. 

The late investigations of Brown-Sequard and d'Aarsonval go to confirm this 
theory. They find that the Jungs of man, the dog, and the rabbit produce, normally, 
an extremely active poison which is eliminated continually with the expired air. Ac- 
cording to those writers, this substance is apparently an alkaloid, and is probably 
the principle which renders confined air dangerous. 

Absolutely pure air is, undoubtedly, essential for the most complete physical de- 
velopment, but it is nevertheless probable that our systems may become tolerant of 
a certain amount of Impurity, and in this, as in other cases, receive no appreciable 
injury therefrom, provided the dose be not too great or too often repeated, and 
<)8pecially if it bo supplemented by a considerable daily exposure to the outside air. 

The question arises, therefore, as to where the danger line begins. Upon this 
point, the rule laid down by Dr. Parkes in his Manual of Practical Hygiene is the 
m^st simple and easily applied. He says, ^'That, without attempting too much, it 
may be fairly assumed that the quantity of air supplied to every inhiibited room 
should be great enough to remove all sensible impurity, so that a person coming 
directly from the external air should perceive no trace of odor or difference between 
the room and the outside air in point of freshness." 

Although the above rule is of great practical utility in determining whether a room 
Is well — or ill — ventilated, it furnishes us no means of measuring the exact amount 
of impurity present, or of estimating the quantity of air necessary to produce the 
required degree of freshness. 

When we attempt to subject the air of a room to chemical analysis, we find that 
the processes necessary for estimating the organic matter are long and complicated. 



44 SANITARY CONDITIONS FOR SCHOOLHOUSES. 

and that they seldom inBnre exact or satiafactory resalts. The carbonic acid, on the 
other hand, is easily determined, and although it contributes bat little towards viti- 
ating the air we breathe, it bears a constant relation to the organic matter present, 
and may therefore serve in estimating the more important impurity. Taking the 
CO3 as a measure, we find that the organic matter begins to be perceptible to our 
senses when the carbonic acid of respiration reaches two parts in ten thousand. 
When 3 per cent, of CO3 is present, the air becomes exceedingly offensive. 

The quantity of carbonic acid which a person exhales, varies with his age, weight, 
and condition. According to Dr; Parkes's estimate, an adult male in a state of re- 
pose, weighing, say, 160 pounds, gives off 0.7 cubic feet of CO3 per hour; an adult 
female (120 pounds), 0.6 cubic feet; children (80 pounds), 0.4 cubic feet; amounts 
which may be largely increased, and even doubled, during active exertion. 

If an ad nit male exhales 0.7 cubic feet of carbonic acid per hour, he should have, 
according to the above standard, an iiourly supply of 3,500 cubic feet of fresh air to 
replace that vitiated by respiration, and if children exhale 0.4 cubic feet per honr^ 
the supply of air necessary for them would be 2,000 cubic feet. 

Some authorities hold that these estimates apply only to apartments which are 
occupied continuously, and that in schoolrooms, on account of the shortness of the 
session and the opportunity for frequent ventilation through open windows, this 
amount may be considerably reduced without endangering the health of the pupils. 
None of these authorities, however, think it safe to reduce the amount of fresh air 
below 20 cubic feet per minute. * • • 

We do not regard 20 cubic feet of air as providing anything more than tolerable 
ventilation. There would still be a very sensible amount of impurity in the school- 
rooms, and the same care that is now used in assisting ventilation by open windows 
would still be necessary. Although this amount of air is probably as much as it is 
possible to provide in old schoolhouses, without too great expense for alterations, 
it is, in our opinion, much less than is desirable. In all new buildings, provision 
should be made for a supply of from 25 to 30 cubic feet per minute for each scholar. 

Applying the above conclusions to the schoolrooms in question, we find that a 
room 32 by 32 by 10 feet, containing an average of 40 pupils, would require 48,000 
cubic feet of air per hour ; that is, that the entire air of the room should be changed 
every 15 minutes. 

At a temperature of 60^ and under, air can not be admitted at a greater velocity 
than 2 feet per second without creating unpleasant drafts. At this rate and tempera- 
ture it would require 7 square feet of clear opening to supply the required amount 
of air for the above room, or eight of our common 12 by 18 inch valve registers. 

From this, we conclude that all of the methods of ventilation indicated in the cir- 
cular are alike faulty, and that they differ only in degree. Just how faulty the 
ventilation is iu each case, it is difficult to decide from the data at our disposal ; but 
it is a question whether one-fourth of the amount of air necessary for even fair 
ventilation is secured when all the available inlets are kept open to the fullest 
extent that temperature and drafts allow. 

It may not be possible to prove in every case that the health of the pupils is 
injured by such a system, but the fact holds, nevertheless, that there is always great 
danger from breathing air vitiated by the products of respiration. This danger 
varies according to the amount of imparities present and the length of exposure. 
When the exposure is only for a short period, headache, dullness, and slight febrile 
action may alone result. The cause being removed, these symptoms pass off with 
greater or less rapidity according to the recuperative powers of the person affected. 
But when the exposure is frequently repeated, these symptoms become more per- 
sistent, and even if no actual disease results therefrom, the whole tone of the scholar's 
system may be so lowered as to interfere seriously with his physical development, 
and to render him less capable of throwing off* any disease to which he may here- 
after be exposed. 
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It is amply proved by obsenrations upon soldiers in crowded barracks, prisoners 
in jailsy and animals in close and unventilated stables, that wben a considerable 
number of persons are confined for a length of tinio in close and unventilated apart- 
ments, they soon loose color and strength, and become readily susceptible to acute 
and chronic lung diseases. 

The poison resulting from the act of respiration, unlike that of diphtheria and 
typlioid, acts slowly and presents at the outset no alarming symptoms, nor such as 
are likely to attract the attention of the casual and untrained observer. In many 
cases, nevertheless, it is undoubtedly the chief factor in laying the foundation of 
future lung disease, and especially of consumption. 

In regard to question 6 [whether pupils of 6 require the same amount of ventila* 
tiou as those of 14 years of age], there seems to be a certain diversity of opinion 
among sanitary writers. De Chaumont, basing his opinion upon tho difference in 
the amount of carbonic acid given off by children of 6 and youths of 15 years, would 
place three times as many of the former in a given space as of the latter. 

Dr. Parkes thinks that children, on account of a more rapid tissue chauge, exhale 
more CO3 in proportion to their weight, than do adults. Dr. Billings would give 
the same amount of air to all classes. Dr. Lincoln holds that the estimate based 
upon the difference in the amounts of carbonic acid expired by primary and high 
school pnpils ^' is admissible only on the supposition that the ventilation is efficient. 
In case of defect, or apprehended defect, young children should have equal room 
with older ones, on the ground of their comparative inability to cope with the dele- 
terious effects of bad air." * * * 

Where water carriage is impossible, as in the country, or out-lying districts of the 
city, a vault of some kind is necessary ; but in place of a huge receptacle intended to 
hold a year's deposit, the closet should be so arranged that the fecal matter can 
readily be disinfected with dry dirt or fine ashes, after each school session, and can 
be easily removed. 

The late Edward S. Philbrick, a distinguished civil engineer of Bos- 
ton, sabmitted the following in response to inquiries by the same com- 
mittee : 

First. — ^Thb best methods of construction and arrangement of fixtures. 

Plumbing fixtures should in all cases be arranged as compactly as possible. Those 
which are provided for the convenience of teachers should always be directly over 
one another on the separate floors, so as to be served by vertical lines of pipes for 
drainage and water supply. Such fixtures should be placed near but not against the 
exterior wall of the building, so as to be lighted and aired by a near window in this 
wall, but not subjected to the exposure to frost incident to being placed against the 
exterior wall, except on the south side of a building. The water-closets should in 
aU cases havd their traps above the floor, and have their wacer supplied from a small 
separate tank over each closet. The common '* short hopper'' patterns are the best 
for such places, and lead traps are preferable to iron ones, because smoother and 
cleaner. A separate trap should be provided for each closet, sink, or bowl, and each 
trap should have an air pipe from near its top, of same size as the wastes for all traps 
except those serving water-closets, which should not be less than 2 inches in diame- 
ter. These air pipes should all be branched into a vertical pipe of 3'^ diameter along- 
side the soil pipe by Y branches, and so arranged as to drain freely, and this vertical 
air pipe may be branched into the soil pipe by a Y^ located above the highest recep- 
tacle for drainage and extended through the roof to such a height as w^ill guard 
against its obstruction by snow. The part passing through the roof should never be 
less than 4 inches diameter, and should always be left wide open, without bend or 
cowl of any kind. But if the roof be flat and accessible to children, the end of the 
pipe may be covered by a wire basket to prevent them from putting stones, etc, into 
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it. If Uttiug cast iron soil pipe it should always be of the double thickness, and 
should be tested for tightness by plugging the outlets and branches and filling with 
water to the top before applying any fixtures to it. A better class of pipe for public 
buildings is now made of wrought iron with screw joiuts, and coated with the 
Bower-Bar£f process to prevent rusting, by the Durham House Drainage Company, of 
Boston. 

The water-closets and urinals for the school children should be located in a one-story 
wing or projection from the basement story of the building, in order to provide the 
necessary amount of light and air to insure cleanliuess. The best pavement is that 
of Portland cement mortar, which need not be over half an inch in thickness, if 
spread upon a substratum of concrete 3 or 4 inches thick, composed of American 
hydraulic cement and gravel, as usually prepared for cellars. The Portland cement 
may be mixed with three times its bulk of sand, but the latter should be either the 
best beach sand or well washed to remove dust and clay if from pits or natural de- 
posits. This item of washing the sand will often make all the difference between a 
durable surface, good for twenty years' service, and a crumbling one, never satis- 
factory from the first. This skimming of Portland cement mortar should be applied 
while the foundation is damp, aud should be kept damp by sprinkling and exclusion 
of air drafts for a week after application. Kapid drying by a free circulation of air 
renders it soft and crumbling, while, if kept wet, it will be as hard as stone in a few 
weeks. 

For water-closets in primary schools the best trough sinks, if properly attended, 
are probably the safest forin of apparatus. The simplest form of seat is the best, but 
these should be easily removable for cleansing. Boys' urinals should not be provided 
with crockery bowls, but are better if made of plain upright slate or soapstoue, with 
a trough at the base of the same material, and a sprinkling tube from 3 to 3^ feet 
above the floor, so constructed as to wet the whole surface of the slate below the 
tube when the water is let on. For children over 12 years of age separate water 
closets maybe desired, but I consider the trough a better piece of apparatus for all 
classes, if carefully looked after by the attendants. If separate closets are ever used 
I should avoid all iron as a material in their construction, aud use short crockery 
hoppers with lead traps above tne floor. The supply of water should be drawn in 
this case by a l^^inch pipe and 2-iuch valve for each closet, from a tank directly 
above, which can extend the whole length of the range of closets and be fed by an 
automatic ball cock. Children can never be depended upon to discharge the separate 
closets, and this has led to various mechanical devices for automatic flushing by 
wires or chains attached to the doors or seats. In theory these are very good things, 
but I have never yet seen such devices that could be depended on for many weeks at 
a time. When they fail they at once create a wretched nuisance, as is now to be 
seen in some of your schools described below. It is for these reasons that I recom- 
mend the trough system for all classes, with thorough and systematic attendance, 
which is the only way to secure proper flushing in public schools that I have yet seen, 
and can not be considered as an unreasonable tax upon the attendants. 

A system of hoods and air pipes, leading from the water closets and urinals to some 
aspirating flue for removing the effluvia, has been generally applied in such of your 
school huildings as I have seen, and with various success. In order to make this 
system of any real value the aspirating flue should be kept well heated at all seasons 
of the year by a special stove. I find such an arrangement in some of your buildings^ 
When depending on steam pipes or furnace smoke flues to supply the necessary heat 
for the aspirating flues, the whole system is sure to fail when most needed, viz, ii^ 
moderate or warm weather, when there is no wind to remove the effluvia through 
open windows and when putrefaction is most rapid and the health of pupils more 
likely to be injured, owing to the general climatic conditions at such seasons. Ordi- 
nary summer diarrhea is then often epidemic, aud dysentery becomes contagious. 
The application of these hoods aud air plp^s ^^ii^g to flues that are not he$^te4 ox-* 
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cept in winter and even then perhaps insufficiently, as I find in many of yoar build- 
ings, is, in my opinion, likely to produce more liariu than p;ood, for it leads to a sense 
of security where it does not exist in reality, and may thus take the place of a proper 
attention to the cleanliness of the floors and walls, troughs, etc., on the part of the 
attendants. 

The apparatus for the ventilation of the schoolrooms themselves next claims our 
attention. Since the heat supplied for comfort in winter is generally used in our 
climate as a motive power to secure a change of air in the rooms, the subject of venti- 
lation is inseparably connected with that of heating. This agent may be made suffi- 
cient and produce satisfactory results iu buildings having but ten or twelve rooms 
or less, but Lirger oues may with advautago use fans or blowers to move the air 
by mechanical force. Since other reasons exist apparently for limiting the size of 
yoor school buildings to those containing ten rooms or less, the application of 
such mechanical apparatus will not now be considered. The heat of the air be- 
comes a motive power by reason of the force of gravity. Hot air is lighter than cold 
air and floats by its own buoyancy, while the cooler air displaces the lighter by its 
superior weight. It is generally accepted by physiologists that fresh air should be 
supplied in schoolrooms when occupied at the rate of at least 40 cubic feet per minute 
for each occupant. Where a smaller allowance is provided, the pupil suffers a degree 
of loss of vigor, indicated by sleepiness and stupor and generally impaired vitality. 
The system of heating by stoves or by direct steam provides no means for introducing 
fresh air, and is therefore not to be recommended except for halls oi passages, or 
for supplementing in exposed places during severe weather the better system of heat- 
ing by indirect steam or furnaces. Furnaces serve a good jiurpose for small buildings, 
bat are not well adapted for larger ones, owing to the difficulty of distributing hot 
air horizontally, while steam can be supplied from a single fire and distributed for 
considerable distances. 

By the indirect system, so called, the steam is deployed in coils of pipe in the base- 
ment underneath the rooms to be heated. These coils are encased by sheet-iron cham- 
bers to which air should be conducted by close conduits from the northern and western 
sides of the building through holes in the basement wall. After being heated by the 
steam coils the air rises in other conduits to the rooms where heat is needed. As the 
steam is always as hot as 212^ Fahrenheit, and hotter as the pressure is increased in 
the boiler, a room could be heated to the desired temperature, say 65^, by introducing 
a small quantity of air heated to 200^, or better by a larger quantity at a lower 
temperature. The volume of air introduced is regulated by the bize of the ducts, and 
these should be so proportioned as to supply the air iu quantity sufficient to meet 
the requirement above indicated according to the number of pupils to be provided 
for. 

The volume of air in motion should be the same, as nearly as may be, for all condi- 
tions of the weather, and the temperature regulated by the amount of steam admitted 
to the coils and the temperature of the same, which varies with the boiler pressure, 
and is, therefore, within certain limits, under the control of the fireman. In order 
to avoid disagreeable drafts within the rooms it is found best to introduce the 
heated air at a point above the heads of the inmates, say 8 feet above the floor. Its 
buoyancy carries it directly to the ceiling, wherever the inlet may be, and it spreads 
around the ceiling and descends along the coldest sides of the room. In order to 
insure a complete circulation and the continual and successive displacement of all 
the air in the room, it is best to withdraw the vitiated air from near the floor and on 
the same side of the room at which the hot air enters. The ducts for removing it 
should be rather larger than those admitting the fresh warm air in order to avoid 
drafts near the point of exit, and the upward movement of spent air iu the ducts 
by which it is withdrawn must be helped by artificial means. The method easiest 
of application for this result is to apply one or more steam pipes within this flue, into 
which hot steam is admitted, and by which the flue may be heated to a degree ooneidr 



48 SANITARY CONDITJONS FOR SCH00LH0USE8. 

erably above the temperatnre of the room to add buoyancy to the air as it escapes. 
It will readily be seen that if the opcDings for the withdrawal of the spent air are 
made near the ceiling the fresh air will escape by passing directly from the inlets to 
the ontlets without the entire change of all the air of the room which we seek. Open- 
ings for outlets near the ceiling are therefore mischievous in cold weather. * * • 
They may be of use in summer weather, but are hardly worth providing at this season 
if the windows extend to a point near the ceiling, as they always should do, and if 
made to be opened from the top downward. 

Thermometers should be supplied in every schoolroom, and the person in charge 
of the fires should consult them frequently and be governed by their indications. 

Sixty-five to sixty-eight degrees Fahrenheit is a proper temperature for school- 
rooms in winter. Particular pains should be taken, in proportiuning the size of the 
air ducts, to accomplish the desired movement of air without creating drafts in the 
room. For this end the ducts should be made of sufficient size to do their work with- 
out a more rapid movement at the openings than 6 feet per second. Even a less rate 
is desirable. 

SECOND.— THE PROPER SANITARY CARE OF SCHOOLHOU8ES. 

Although a good deal of attention has been directed to this subject and a marked 
improvement made within a few years, much remains to be done, in my opinion, to 
attain a proper and reasonable standard of purity in all our large cities. Cleanliness 
is not only of importance in its effect upon the health of the pupils, but as an agent 
for elevating and civilizing in its influence upon their character. Much more can be 
taught by example in this respect than by precept. Although the standard now 
generally maintained in your city, so far as I have opportunity to judge of it, may be 
above that to which the pupils are accustomed in their own homes in many cases, it 
is still susceptible of great improvement within the limits of what I consider reason- 
able and proper. 

Modern appliances have brought conveniences under the roofs of our buildings 
which former generations consigned to outbuildings, and this has been justified by 
the use of sewers and a copious water supply, by means of which all filth can be at 
once removed from the premises. Such is the theory of the modern water-closet. -In 
practice, however, it is ndt always remembered that all the filth should be actually 
put into the running water. Laxity of discipline exists to a very large extent in 
this respect in your schoolhduses, due probably to ignorance on the part of the jan- 
itors of the importance of a high standard of cleanliness, aggravated by a certain 
amount of inertia and a tendency to follow old ruts and in some cases also by de- 
fective apparatus, of which instances will be pointed out below. Possibly also the 
force at present employed is not sufiicient for the purpose, but I am not in a position 
to judtj^e of this as well as yourself. 

I have spoken above of the need of good light in and around all places of easement. 
Where a badly lighted cellar Is used the janitor readily falls into careless habits. In 
order to remedy this defect as far as possible at a small cost all the stone and brick 
walls of the basements should be whitewashed with lime as often as twice a year, 
and sometimes oftener, where necessary to keep the surfaces bright and pure. The 
wooden partitions should also be painted a light color, lemon or straw color is prefer- 
able, so that soiled places can be readily detected an*! cleaned and the greatest pos- 
sible amount of light reflected upon all dark corners. * * * 

Portland cement surfaces, as above described, are far preferable on account of the 
light color of the material. The concrete heretofore used was apparently made 
with poor materials and crumbles readily, becoming absorbent of filth and difficult to 
clean. There is but little use in trying to have such floors constructed by contract. 
The facilities for cheating in providing inferior materials and workmanship are too 
great to enable any reasonable amount of inspection to guaranty first-class work by 
contract from the class of men usually dealt with. Poor work in such places is a 



IT. Showtne slr-^ 



above tbu noor on each atoiy. 



DRAINAGE AND LAVATORIES. 49 

waste of money. Such floors should be laid by day labor, using Intelligent supervi- 
sion, which can be had probably in your case by applying for help from the depart- 
ment of sewers and the city engineer. 

All the floors about the water-closets, etc., should be washed by scrubbing brushes 
daily and rinsed several times daily in hot weather by using the hose, and all wood- 
work should be carefully washed daily with warm suds where coming in contact with 
the person or subject to spattering of any kind. In order to avoid too much damp- 
ness in the air while the pupils are about, these washings should be performed im- 
mediately after school hours, and the proper degree of heat maintained in cold 
weather to dry the surfaces as soon as possible. The use of carbolic soap is often 
necessary around urinals, especially when younger boys are accommodated. • * * 

The use of the ventilating apparatus is often a subject of great mystery to the 
teachers as well as the attendants. I found the outlet valves closed in some rooms, 
apparently from ignorance or inadvertence, and the air consequently very oppressive, 
while a good draft seemed to exist, able to improve the condition of things materially 
soon after opening them. I think the use of these fixtures should be explained to 
all teachers, and they should not be allowed to close them without good reason. If 
auy local reason exists for their disuse, it probably arises from fault of coustruction 
which should be remedied. No amount of skill will give us ventilating apparatus 
that will be at all times successful antomaticaUy. If not looked after by persons 
who understand its uses and abuses, the desired object is seldom attained, except by 
accident. The flushing of schoolrooms with fresh air by opening windows during 
recess time and after each session is generally rendered necessary by the imperfection 
of other means of reuewal of air, and it is perhaps better understood than the man- 
agement of auy other apparatus. Unfortunately we have a good deal of weather in 
winter where this is inconvenient. It may be difficult and perhaps unreasonable to 
expect the enforcement of such a standard of cleanliness about water-closets in public 
schools as I have in view while working through the class of men now generally em- 
ployed as janitors. But I think these men would do excellent work in most cases if 
clearly informed what is expected of them in detail and if supplied with the neces- 
sary assistance to do the actual labor required. This last can not be a severe tax 
upon the treasury and will be appreciated by the pupils in after life as much, I think, 
as any part of their instroctiou received at school. I mean the example of purity 
which should be constantly before them in these places. The desired result can never 
be attained till the janitors are not only caref ally instructed in detail^ but industriously 
followed vp with military precision and fear of dismissal in case of neglect of duty. 
Some one must do this duty of inspection who has a real interest in the subject and 
who will take an honest pride in the result gained, but one person can cover a large 
number of schools, if inspecting them without notice and if vigilant in his discipline. 
The janitor's employment should be under his control, to make his work efficient. 

710— lifo. 3 4 
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Hew TO SECURE PROPER LiaHTINO. 

The proper lighting of a schoolroom is of scarcely less importance 
than its beating and ventilation and its drainage ; for statistics show 
that diseases of the eye arc on the increase among school children, in 
consequence of poor light. 

In Dr. Bak^s Treatise on Hygiene, we are assnred that short-sightedness, dim- 
ness and darkness of sight are increasing generally in Germany, Russia, America, and. 
England [among children attending school], and we are assnred at the same time that 
the defective eyesight is much greater where schoolrooms are poorly planned regard- 
ing their window arrangements. 

In rural schoolhouses the best authorities seem to agree that the best 
location for securing light and air is to place the longer axis of the 
house due east and west, and to light by windows in the north and 
the south sides only. The objections to the east and the west expos- 
ure, for light, are that the slanting rays of the sun, in the morning and 
in the afternoon, strike across the room. On the south, the sun's rays 
are always more nearly vertical as they enter the windows; while from 
the north these rays never in this latitude enter the room. 

Next to the north aspect, the steadiest light, as well as the greatest amount of 
snnshine, is derived from one dne south, and while a south window receives the snn 
nearly all day the year round, the angle at which it enters is so great that the annoy- 
ance from it in hot weather is infinitely less than from the horizontal rays which 
stream through an east or \\c6t window [the latter at a low angle]. For this reason 
a south exposure is hoth cooler in summer and warmer in winter than an eastern or 
western one, and while it secures the largest possible aggregate of sunshine, a south 
window needs less shading with blinds or curtains than any other, except one facing 
north. 

For buildings with four or more rooms on a floor, it is better that the 
corners of the building stand towards the cardinal points of the com- 
pass. It is of course impossible in this case that all the rooms should 
have the best light ; but this arrangement permits the sunlight to enter 
every room each day of the year ; and this is desirable for the chem- 
ical eflect of the sunlight upon the air of the room. Eooms which the 
sunlight enters are more easily heated than those that have no direct 
rays of the sun. They are also both pleasanter and healthier. 

It appears to be a well-established rule that the light should be ad- 
mitted on only one side of a schoolroom, and this isidc at the left of the 
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pnpils. It may be admissible, however, to admit tbe ligbt partly from 
behind the pnpils and towards their left. It would not be a bad ar- 
rangement to have three-quarters of the length of the left wall, towards 
the rear, and one quarter of the back wall, towards the left, occupied 
by windows. The main objection to this rear light is that it is directly 
in the teacher's face, if the teacher sits facing the pupils ; but white 
curtains rolled from the top will prevent a large part of the glare; and 
the teacher need not always sit facing this light. The windows should 
be as near together as safe construction will permit; there should be 
no wall spaces between them. The window space should be one-fourth, 
and in no case less than one-sixth of the floor space. The windows 
should extend to the ceiling of the room ; and no fancied architectural 
consideration should ever prevent this. The window sill should be at 
least 4 feet from the floor; and Robson, the best English authority on 
the subject, says that the sills should never be less than 5 feet from 
the floor. The best light is from above ; and as this can not easily be 
had, the nearer we come to that the better. Light from below the pu- 
pil's eye, in a schoolroom, is injurious to the eye, and it obstructs 
rather than aids the vision. 

The seats farthest from the windows should not be distant more than 
one and a half the height of the top of the window. If, theu, the robm 
is 13 feet high, the farthest seat may be only 20 feet from the window. 
For the purposes of lighting, the width of a room should not exceed 26 
feet; and the length should be about one and a third times the width. 
For its acoustic properties this is a better form than the square, or a 
shape more nearly a square. 

The best light is, of course, that nearest the windows. The outer 
row of seats, then, should be placed as near the windows as they can be 
and allow room for an aisle wide enough for a single person to pass. 
On the side next to the windows the outer row may be placed against 
the wall, though this is not the best way, on account of the ventilation 
at the walls. There being no blackboards on this side there is no need 
of a broad aisle as there is on the back side of the room ; and here the 
importance of double windows is again apparent (see p. 34). Without 
these, the outer row of seats, having the best light, are most liable to 
drafts in winter. 

The blackboards may be placed at the back end of the room, on the 
side opposite the windows, and behind the teacher's platform. At this 
latter point several boards may be made to slide up and down, one in 
front of the other; or they may be so constructed as to bring into use 
both sides alternately. In this way exercises may be placed upon the 
boards and kept out of sight till ready for use. The height of the win- 
dows, already described — 4 or 5 feet from the floor and reaching to the 
ceiling — allows the light to strike these boards at such an angle that 
there is but little liability of that reflection from a much used and shiny 
blackboard which is so painful and injurious to the eyes. This disa- 
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greeable reflection is often caused by low windows, and windows on 
difti^reut sides of tlie room, whicli produces cross-ligbts as well as this 
reflection from tbe blackboards. 

Strong light is as likely to be injurious as too little light; and 
on certain days, and with the exposure of a part at least of the rooms 
of a large house, it is necessary to control the light entering by the 
windows. This should be accomplished by raising the shades from the 
bottom of the window. Dark hollaud shades,* rolling from the bottom 
and raised by a cord and a pulley at the top, are a better means of 
regulating the light than the ordinary blinds, either outside or inside. 
And if the sunlight is liable to strike the books or desks of the pupils, 
owing to the location of the room, then thin, white holland shades 
should also bo provided, to roll from the top. The purpose of these is 
not to shut out the ligbt, but to temper and moderate it. The reason 
for rolling the shades from the bottom is that 1 foot in height at the 
top of the window lights the room more than twice that space at the 
bottom ; and the best light is that nearest the ceiling. 

For tbe reflection of the ligbt downward upou the desks, the ceiling 
should always be white. The walls of the room may be tinted, to soften 
the light; but the tints should not be too dark. 

But shades to the windows have these objections: In summer when 
it is often pleasant to open the windows, they will not allow the air to 
pass through; they get out of order easily; they become dingy, and 
need replacing frequently. Outside blinds can not be reached easily 
from the inside ; they do not shade the windows in the right way ; on a 
schoolhouse which is unoccupied three-fourths of the time, they are 
more apt to get out of order than on a private dwelling. Inside blinds, 
also, shade the windows at the sides rather than at the top and bottom ; 
or if made with an upper and a lower half moving independently, either 
one-half, or the whole window, if any, must be closed ; and a more serious 
objection to them is that, with a mass of windows close together, they 
are in the way, and they obstruct the light. 

The best known arrangement for shading windows in schoolrooms is 
that illustrated in Figs. 21, 22, and 23. These sliding blinds may be 
raised so as to close any part of the window that may be desired; they 
allow the air to pass through in summer; they are not in the way, and 
they may all bo lowered so as to leave open the whole window space. 
In simplicity of construction and operation they are admirably fitted 
for school use. They can easily be removed for cleaning, and they 
never need be swiveled. But with these blinds the thin white holland 
shades to roll from the top may be necessary in some of the rooms, for 
softening the ligbt. 
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Fio. 23.— This ia a fnll-slied reprsMntMlOD of alltltag jn'uoviia, Bbowlni;; the i 
them to window frsnue In jiface of tlie taah stop, aud  reduced drawing of U 
tuXBOeA tfl riglit-houd ed|^ oC liliud. 



Tbe following waa propared for tbe uaeof tbe teachers in Worcester, Mass., by Dr. 
Lewis DixoD, oculiat, of Boston. Tti« miggcstiouH are wortby of a wider circutstj on ; 
und they are tbercfore iusarled here: 

Myopia, 

Or near sigbt, is not often congenital but it is iiaaaltf aoqaired. It ia due to elonga- 
tion or bulging of tlie normal apherical eyeball from befuro, back^vanl; tliia carries 
tli8 retJDa away from tbo focus. Myopia in chiefly caused by neur worli, too long 
coutiDUed, and nnder wrong conditions, assisted often by hereditary tendencies. 
Near worl( came* and incrmae» the inyo[iia hut doea not nauiiliy cause pain or fatigue. 
Myopia is detected by tbu iunbility to read letters of one-third iucli square at '<iOfeet 
distance, or line type at 10 inches, through a 10-inch lens. To prevent or check the 
condition, advise the child to hold head and work up and hold llio u'oric well oft'; to 
rest frequeuUy for a few niinntcs, by either closing the e^es or looliiiig at a dis- 
tance; also, to avoid unDecossnry near work both at home and in achuol asuinch as 
possible. If the myopia is greater than one-thirl.y-siiLth, gtassea should be worn con- 
stantly. If myopia shows a teudeucy towards rapid increase, especially after illnesB, 
advise complete cessation fro:ii attnear work lor awhile. In testing for niyopis, 
strive to make it as small in deyree as possible, and rfonftt its presence inslight degrees 
till proved by roppated tests, for the eye often siutiilates myopia when tired. In hy- 
peruietropia the eyeball is cougeiiitally too ihort from before, backward, tbe retina 
being io front of the proper focna. This couditioa is a fixed one, getting neither 
better nor worse, but it nefis«i(o(e« under eeerff ordinary coiidiliou mm'e than the 
proper amonnt of work on the part of the inusclea of accommodation, and also n«c««- 
titala conetaiit {aaA therelore very fatiguing) instead of the normal intcriHitlml work. 
Vision is perfectly good under all tests ; bnt it is so at the expense of conitanl but 
uncBKicioHt effort, 
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The symptoms are fatigue in some form, following use of the eyes; not neces- 
sarily felt in the eyes ; headache, pain over the eyes, blurring, nervousness, and 
inability to continue school work through the term. In this condition, near work is 
too burdensome to be continued without overtaxing the nervous system. It is detected 
by the inability to read 20-foot letters at 20 feet, even when assisted by a convex 36-inch 
lens; or by reading fine type through a 10-inch lens at a greater distance than 10 
inches. Advise sparing use of the eyes on near work ; frequent rests and avoidance 
of studies requiring much fine close work; or the use of glasses which will enable 
the eyes to do full work withont fatigue. This condition is the usual cause of stra- 
bismus or crossed eyes. 

In testing for hypermetropia always endeavor to find if, and suspect its presence till 
repeated tests show its absence, in all cases where the child has headache, tires easily, 
or complains of blurring. 

Astigmatism is the result of acongenitally irregular (instead of spherical) cornea; 
all sight is fatiguing to such an eye, but close work particularly so. It is detected 
by the child's tendency to miscall letters and figures, by squinting or holding the 
head sideways to see clearly, or by seeing some of a set of radiating lines blacker 
than others. Nothing can be done but spare the eyes from near work, unless glasses 
are made to order, to correct the errors. This condition is also the cause of headache, 
pain, nervousness, and ill health. 

Glasses for hypermetropia and myopia may be roughly but safely determined and 
advised for those unable to have a more accurate test made. This is done by finding 
the difference between one-tenth and the fractiou represented by 1 divided by the 
greatest possible number of inches at which the child can be made to read fine print 
through the 10 inch lens. 

For example, if be reads at 8 inches, and never farther off, we have 1-8 — 1-10=1-40. 
The denominator 40 shows (he focal power of the glass needed, and the point of read- 
ing being nearer than the normal (10 inches) he is nearsighted, and needs concave 40 
glasses. 

If 15 inches is the distance that the child can read through the 10-inch lens, then 
1-10 — 1-15=1-30, and he needs a dO-inch glass to correct his error; convex because he 
reads farther off than the normal 10 inches. So if 6 inches is the point, 1-6—1-10= 
1-15, and concave 15 is the glass needed. If the point is 20 inches, then 1-10—1-20= 
1-20, and convex 20 is the ^lass. Remember to make the concavv glasses alwaj's 
as weak as 3'ou can and the convex glasses as strong as you can. 

Warn children and parents that in myopia the tendency is towards increase of the 
trouble, and that care in regulating the amount of near work will do much to check 
the progress, and the wearing of glasses, if myopia is really present, will stop the 
progress. Advise against branches or courses of study involving much close work, 
unless pupil is willing to wear correcting glasses. 

Warn parents and children that in hypermetropia headaches, nervous symptoms of 
various kinds, and even ill health may result from this condition, even where no 
complaint is ever made of eyes or sight, and work and vision may be perfect. 

Moderation in close work will usually relieve the condition; the use of proper 
glasses /or close work will always relieve and enable the eyes to do full work without 
fatigue or other trouble. ^ 

In astigmatism, warn them that headaches, nervous difficulties, and ill health may 
be caused entirely by this condition, which must remain permanent unless relieved by 
the proper optical means. 



IV.-THE GROWTH OF CHILDREN AS RE- 
LATED TO HEALTH AND ABILITY TO 
STUDY. 



Closely related to tbe sanitary conditions of scboolhoiises, are vari- 
ous other conditions afifecting the child while in school ; his health, the 
period of his rapid growth, the season of the year when this growth 
takes place, and the effect of this rapid growth upon his health and 
upon his consequent ability to dcschool work. 

Since, under our system of education, children are kept in school, 
especially in the cities and the larger towns, about three-fourths of the 
time between the ages of 5 and 15 years, five or six hours a day, the 
important questions arise whether intellectual culture is not sought at 
the expense of bodily vigor, and whether the curriculum of studies is 
so arranged as to secure the best results with the least outlay of the 
pupils' strength } whether also the hardest study is assigned to that 
part of the year, and to that part of the course, when children are best 
able to accomplish it. 

If children are taken into school and kept at work in study, so that 
their vital energies are exhausted at a time when their bodies ought to 
be developing, and if, consequently, the seeds of disease are being 
planted at a time when the foundation of future health should be laid, 
tlien it is of the greatest importance that the evil should be corrected. 

In a new and sparsely settled country the springs are pure, and the 
question of drainage takes care of itself; the sewage is so small in 
quantity in comparison with the territory, that it is of little or no im- 
portance. In thickly settled communities the case is reversed; and 
the problem of the disposal of sewage, unimportant under the former 
conditions, becomes of serious import. There is a similar change of 
conditions in the problems relating to school life. When the number 
of months' schooling was small, and the child was occupied in other 
pursuits a large part of the year, health and growth were but little af- 
fected by the school. Since, at i^rcsent, three-fourths of the child's 
time, in working hours, for the ten years of his life most important for 
health, growth, and bodily development, is spent in school, this ques- 
tion of health and growth becomes serious. And evidence is not want- 
ing that our school life is liable to affect the health of children injuri- 
ously. Says Prof. A. Key, of Stockholm, in the Popular Science 
Monthly for Nov., 1890 : 

More and more sharply is the question of the influence of the present school system 
on the growing youth debated in every enlightened country of Europe. More and 
more distinctly is it declared^ especially from the side of the doctors, that the school 
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impoaes too great demands upon tbe yonng organism in tbe critical period of its 
growth ; tbat it, as well as all our edacatioui seeks too onesidedly to stimalate mental 
growth, and that the physical development is thereby so neglected that great danger 
arises, perhaps fatal for the whole life, to the body as well as to the closely related 
mental health. 

And in this country attention has been directed to the sabject in 
many of the larger cities. In Boston, for e^mple, a director of hy^eue 
is employed by the school committee ; and physical training is a part 
of the regnlar school conrse. Other towns and cities are following the 
example. There is no need, however, of any panic on this sabject 
The race is not likely suddenly to become extiuct, as an immediate 
consequence of the present school system. And yet it behooves us to 
examine carefully whither the present system tends, and to apply the 
remedy in time if a remedy is needed. * And the first step is to ascertain 
the facts. To this end Professor Key, just quoted, has made investi- 
gation of 15,000 boys and 3,000 girls of the schools of Denmark, Sweden, 
Belgium, Italy, and perhaps of other countries, as one of the Royal 
Swedish commission for this purpose ; he has published the results ; 
and the article quoted above gives certain conclusions. Among the 
most striking of these deductions as applicable to this country are 
these — 

I. That boys pass throagh three distinct periods of growth ; a moderate increase in 
the seyenth and eighth years ; a weaker growth from their ninth to their thirteenth 
years, and a mnch more rapid increase in height and weight from their fourteen th to 
their sixteenth years. * * • The development of girls also presents distinct 
periods, but the changes occnr a few years earlier than in boys. 

II. That children exhibit a relatively light growth from the end of November to 
the end of March. This period, which includes all tbe winter months, is followed 
by a second, from tbe end of March till July or August^ daring which the children 
grow rapidly in height, but their increase in weight is reduced to tbe minimnm. After 
this follows a third period continuing to the end of November, in which the increase 
in height is very small and the gain in weight very large. 

III. Tbat of fifteen thousand boys in mid die- schools, more than one-third are 
ill or are afflicted with chronic maladies. Shortsightedness, which is demonstrably 
for the most part induced by the overtaxing of the eyes in school work, and well 
merits the name of school-sickness, rises rapidly in height of prevalence from class 
to class. Thirteen and a half per cent, of the boys suffer from habitual headache, 
and nearly thirteen per cent, are pallid; and other diseases arise in the lower classes 
and then decline, to rise again in the upper classes. 

IV. That the remarkable rise of the sickness-curve [a line drawn through a table 
of squares whoso vertical lines represent tbe age and whose horizontal lines show the 
percent, to represent the facts graphically] in tbe preparatory schools and the lower 
classes of tbe middle schools occurs exactly during the period from seven or eight 
years to thirteen years, the very one that has been shown to be one of weaker 
growth in boys. But as soon as the stronger growth sets in, and especially during 
the last years of that period, when the gain iu weight is most rapid, the curve 

sinks from class to class, from year to year When the yearly increase in 

weight and height begins to diminish rapidly, tho sickness curve again rises very 
fast. 

These investigations relate also to tbe time daily demanded by school 
for work and to the hours devoted to sleep ; and 
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y. It was foand that the amount of illness of those who worked longer than tho 
average was 5.3 per cent, higher than that of those who worked less. ^ * * » 
The result was still more significant in the two lowest classes. The liability to illness 
there, in connection with the longer hours of work, was from 8.6 to 8.7 per cent, higher. 

If the above deductions are correct, and if they are applicable to 
this country, then we may conclude (1) that boys can do most school 
work daily from March to !N^ovember and least from November to March, 
and (2) that they should not be urged very rapidly from the years of 9 
to 13, and that they can safely work hardest from 14 to 16 inclusive. 

The age when girls can do their best work varies from that of the 
boys ; but Professor Key's investigations relating to girls are less ap- 
plicable to this country than those about boys ; first, because they re- 
late to comparatively few, and second, because the American school for 
girls is quite unlike the European school. It is more important, how- 
ever, that school work should be properly adjusted to the ability of 
girls than that it should be adapted to the boys, because girls, as a rule, 
are more faithful to school duties than boys are, and-they are not so 
strong. 

in this country investigations similar to those of Professor Key, 
though less exhaustive, were made by Prof, H. P. Bowditch, M. D., of 
the Harvard Medical School, in 1875. They were authorized by the 
school committee of Boston, and they were made upon 13,691 boys and 
10,904 girls — a total of 24,595 pupils. They relate to the height and 
weight only of children of American and of foreign parentage of ages 
5 to 18 inclusive. These observations were made for only one year, and 
tbey belong to a single locality; and, consequently, any deductions 
made from them are liable to more or less error. Their value would 
be greatly increased if they could be continued and if they could be 
extended and compared with similar statistics from other places. 

At Wellesley College the health officer or resident physician, it is 
understood, has secured valuable data relating to tbe effect of study in 
that institution upon the health of the young ladies. The late presi- 
dent of that institution, Mrs. Alice Freeman Palmt r, is reported to have 
announced, as the result of her observations of the students through a 
series of years, tbat the health of students is not injured by study, and 
that their health improves under it. This is due no doubt to favorable 
conditions — a gymnasium, a resident physician, a well-considered curri- 
culum, health of diet and regular hours. If satisfactory i^esults have 
been attained in that institution they are possible elsewhere. It is proba- 
ble, indeed, that equally good results have been secured in many other 
places with which I do not happen to be acquainted. 

MEASUREMENTS OF WORCESTER SCHOOL CHILDREN. 

In the line of Professor Key's invesstigations, examinations of some 
2,000 or 2,600 children in the public schools of Worcester, Mass., were 
made during the spring of 1891 by Dr. Franz Boas, of Clark University. 
The measurements were authorized by the school committee of this city, 
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as follows: Name; age; birthplace; nationality of father ; of mother; 
occupation of father ; residence ; namber of brothers ; of sisters ; [first, 
second, &g.] bom child; sight; hearing; memory; statare or height 
[shoes oif| ; fingerreach ; height sitting ; length of head ; width of head; 
height of face; width efface; weight; color of hair; of eyes. 

The pupils were in the grammar and primary schools, of both sexes, 
and of ages from 5 to 15 or 16 years. Each child removed his shoes 
while one of the examiners noted the name, the age, residence, birth- 
place, nationality, and occupation of parents, number of brothers and 
sisters, &c. ; a second pupil then took his place and he passed to the sec- 
ond examiner who took, and recorded, his height, sitting and standing, 
his fingerreach (the distance between the ends of his middle fingers with 
arms extended horizontally), the dimensions of the head, the weight, 
&c.; he then passed to a third examiner who tested his eyesight (by 
asking him to read letters of different sizes, at a certain distance), and 
noted the color of the eyes and the hair. The test of hearing was easily 
made by noting at what distance the pupil could readily hear the tick- 
ing of a watch. As soon as he returned to the schoolroom another pupil 
took his place. In this way the pupils left the room and returned one 
at a time without much interruption of school exercises ; and eac h pupil 
was absent from the room from five to seven minutes only. 

The principal labor of such an examination consists in tabulating 
the results from the printed blanks on which they are written, and 
averaging them. If these examinations can be continued for a series of 
years, so that the measurements of the same pupil year after year can 
be compared, then the period of greatest growth can be more accurately 
determined ; and the larger the number of pupils the more accurately 
will the averages determine this period. For the greatest usefulness, 
also, data are required concerning the health of children when in school, 
in order to determine whether there is more sickness among them dar- 
ing the period of slow growth than there is among European children ; 
and for obtaining such data no means has yet been provided. 

The memory test is very simple and quite interesting. It was con- 
ducted by the teacher, with the whole class. All the pupils sat at their 
desks with paper and pencil before them ; and the teacher, having first 
secured their attention, read a line of six figures ; at a signal, a moment 
after, each child took his pencil and wrote the line; a second line of 
figures, and then a third was read by the teacher and written by the 
pupil in the same manner. After this, three lines of seven figures each 
were written by the pupils in the same way; and then, three lines of 
eight figures each — of course the figures being varied each time. The 
teacher next read the figures in order, and the pupils (perhaps after ex- 
changing papers) marked all that were wrong. If this test is adapted 
to the capacity of the pupils, with not too many figures at a time for 
the younger children, it is very curious to note how much smaller will 
be the ])er cent, of errors in the morning, when the children are fresh, 
than near the close of the session, when they are weary. It is a test of 
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fatigue as well of memory and attention. This may throw light upon 
the order in which studies should follow each other during the day. 

It is too early for the result^s of the measurements of children in this 
city to be announced, but one or two results are already known. 

Of the children examined about 10 per cent, have defective eyesight. 
In some cases, probably a large number, neither the pupil nor his par- 
ents were aware of the defect ; and when undiscovered not only is the 
difficulty liable to increase, but the pupil may appear stupid, lose cour- 
age, and fail to improve, when the real difficulty is that he can not see^ 
while supposing that he sees as well as anybody. There are many 
well-authenticated instances of this kind. The same is true of defective 
hearing. To relieve such unfortunate pupils is worthy of great effort 
by a teacher, and any investigation which brings such relief in any con- 
siderable number of instances, is well repaid. 

A second result thus far announced relates to the growth of the face, 
and it is said to be of considerable interest. [See Science, Vol. xyiii, 
Kg. 439.] 

There seem to be three distiuct periods [of this growth in the female face], the 
first ending about the seventh year, and the third beginning about the fifteenth year. 
A striking peculiarity is the seemingly abrupt transition from the types of one period 
to those of the succeeding. The sudden disappearance of the lower widths of the 
face, and the equally sudden appearance of the types of the sacoeeding period, «. ^., 
the sudden shooting up of the widths to almost adult dimensions at about the age of 
eight or nine, offset by the equally sudden disappearance of the distinotively child- 
ish characteristics at the age of eleven. 

The significance of this observation may appear when it is remem- 
bered that the development of the face is known to correspond inti- 
mately with that of the brain. 

How much value educationally there may turn out to be in these 
particular investigations I do not pretend to know. They are detailed 
here, imperfectly to be sure, in order to show that something has been 
done and is being done in the important direction of determining the 
effect of physical growth upon ability to do school work, and the effect of 
school life upon the health of children, and in order if possible, also to 
stimalate similar iuvesiigatious among those who may read this circular. 



^ CONCLUSION. 



In the followiug appendices from different sources, statements may 
appear more or less at variance with another and with those in tbe 
body of this circular. It is proper, therefore, in conclusion for me to 
indicate what on the whole appears to me best. This I will do in the 
form of a general summary: 

I. 

(1) The basement of a schoolhouse should be at least from one-half 
to three-fifths of its height above ground, in order that it may be well 
lighted and airy. 

(2) The stairs leading into the building should be under cover in all 
cases, to be free from ice and snow in winter. 

(3) The pavement in all ba-sements and water-closets should be of 
Portland cement. (See Mr. Philbrick's report, page 45,) 

(4) In all houses of more than one story there should be at least two 
flights of stairs, at a distance from each other — the one for boys and the 
other for girls; and both flights should bo accessible from every room iu 
the house to avoid all possible danger from fire. In cities the stair 
cases should be fireproof. 

II. 

(6) The window-sills should be 4 feet high, and the windows should 
extend to the ceiling — no matter what the architect says. 

(6) The windows should be massed at the left of the pupils, and near 
the back corner ; one or two at the back near the left corner, and the 
rest along the side. 

(7) The schoolroom should be narrow from left to right, the inner seat 
being distant from the windows not more than one-and-ahalf times the 
height of the top of the window; the broad aisle at the back of the 
loom. 

(8) Light curtains to roll from the top should be placed in all win- 
dows exposed to the direct rays of the sun, and opaque shades to roll 
from the bottom, or best of all the sliding blinds. (See pp. 53-55.) 

(9) The teacher's platform need not face the light, or if it does the 

teacher need not always sit facing the glare of a window. The light 

should accommodate the pupils ; the teacher can vary his position by 

facing his desk towards the right of the pupils and sitting in the front 
62 
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corner at their left. There is no law to compel a teacher i;o sit square 
iu front of papils and in the middle of the front side of the room, but 
there should be a regulation compelling the accommodation of the light 
to the pupils' eyes, since they are not at liberty to change their posi- 
tion at will as the teacher is. 

(10) The south light is better for a schoolroom than the east light 
and the west light, which admit the slanting rays of the sun, or than the 
north light which does not admit the sun's rays at all. But for a draw- 
ing class the north light is best because^ the shadows are uniform at all 
hours of the day. 

III. 

(11) Air should be admitted to. the schoolroom 8 feet above the floor, 
and exhausted at a height not more than 1 foot above the floor. 

(12) Fresh air should never be admitted to a school-room through 
anderground ducts. 

(13) Air for admission to a schoolroom should never be heated above 
10(P F. 5 and the quantity should never be less thau 20 cubic feet per 
pupil per minute. 

(14) If a fan is used for ventilation, the "plenum system" should be 
used, by which the fan forces the air inward, and not the exhaust, by 
which the air is sucked out of the room ^ though in large buildings the 
two may be combined without injurious effects. 

(15) For comfort and economy, double windows should be placed in 
all schoolhouses in winter in cold climates. 
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Fia. St.— View abovlai; tbe adaMstkm ot Che " Pstbodb " trouKh aystein In two or three peraiai 
ckieMs.for mlllfl.(actoriee.BU)reB.leDeaieDte, e!c., where lb is desired to bave Uiem located on dilTereDl 
Boon. If prefeired, the trough can be turned arouad, placing the outlet In Uie opposite dlrectiOD. 
The supply to the tanks can be ao an-aneed that the water canbe turned on or oft the nbole system 
by a vaTre located on the lower Roor. m this plate the front of the trough is cut a^ny« showing tbe 
wMer Wvel in eacb baain. Care eliould be taken that the seals are placed directly over tbe centers of 
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Fio. 42.— Basement plan of South Street school building, Toledo, Ohio, showing furnaces, cold-air 
rooms, foul-air rooms, system of dry closets, warm-air flues, ventilating and smoke flue. 
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FIRST FLOOR PLAN. 
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Fig. ^.— South Street school building, Toledo, Ohio ; representing, by breaks in the floors, the passage 
of air under them; location of main air register in school rooms and corridors, and also location of 
foul air exits before it passes under floor. 




Fig. 44.— Plan of second floor, South Street school building, Toledo, Ohio. 




Fig. 45.— Basement plan of Segur Avenue school building, Toledo, Ohio. 




Fig. 46.— First floor plan of Segur Avenue school building, Toledo, Ohio. 
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Fio. 50.— Basement plan of Concord Square School, SomerviUe, KEass. 




FlOr 53. — Concord Square Bchool, SomervLlle^ Mass. (Second fioor plan. 




Fi0. 53.— Qulnslganioad schoolhouse, Worcester, Mass. IBasemeot plan.) 




Fio, M. Qulnalganiond scboolbouse, Worcester, HoBB. (First floor plan.) 
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Fig. 6a. -QuiiisUctuaoiiii acnoolhouse, Wor 



. (Second floor plan.) 



r, Hmb. (Sectional plan.) 
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Fio. 58.— The Bryant school, Great Banington, Mass. (Second floor plan.) 
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Fig. 59.— The Bryant school, Great Barrins^n, Mass. (First floor plan.) 
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Fio. 60.— The Bryant school, Great Barrington, Mass. (Basement floor plan.) 
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FlQ. Gl.— Saliabiuy SCreeC achoolliouBe. Worcester, Mass. (Basement plan.) 




SECOND FLOOR PLAN 



A. Hot air to first floor. 

B. Hot air to second floor. 

C. Foul air from school rooms. 

D. Foul air from cloak rooms. 
B. Book closet. 
F. Teacher's closet. 
6. Ventilation from water closett. 
R. Sink. 
S. Smoke flue. 
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Fig. 62,— Salisbury Street schoolhouse, Worcester, Mass. 




Fig. 68.— Floor plan of the model district school 




PRE8H AIR. 



Fio. 64.— Ground plan of the model district school. 



Fio. S3.— SecCioD of tbe model district school. 

The model district and ward school building. — Considerable sums are expended 
in arrangiDK to warm and ventilate large school buildings, while the district school 
and ward buildings are always wamied with a common stove, and generally a 
second-hand one from some larger building, and no attention whatever is paid to the 
important question of ventilation. Holes are left in the foundation walls through 
wiiich the air can pass to prevent decay of joists and sills. This, of course, renders 
tbe temperature of space under the floor same as temperature outside (anywhere 
from to 30° below), and the pupils sit all day with a Ixiard 1 inch in thickness 
between their feet and this eea of cold air, while their heads and bodies are in a 
temperature of from 40° to 90°, according to distance of seat from the stove, and 
this, too, in air which may have tieeu breathed a dozen times. Who can wonder 
that they have cold feet, and are sometimes restless and unwilling to study, and 
that many are sick and unable to attend school more than one-half or two-thirds 
of the time? The plan of warming and ventilating buildings of this class repre- 
sented above can not but commend itself to all who will for a moment considerthe 
two conditions. An entire change of air in the building every 30 minutes, temper- 
ature the same in all parts of the room, warm instead of cold air under the floor, 
should certainly be worth all it costs. 



M.— View of air-warmer wltt front portion cut away, showing interior of Ore boi. gnil«, 
rear ei tension, eUi. [The air circulatea around tlie warmer, up the ixvxer of Iba rear exten- 
Ml around (he ttante amoka flues.— A. F, M— .] 



APPENDIX I. 



I 



A SYSTEM OF VENTILATION FOB SCHOOLHOUSES HEATED BY STOVES 
AS APPROVED BY THE MASSACHUSETTS STATE INSPECTION DE- 
PARTMENT OF FACTORIES AND PUBLIC BUILDINGS. 

In the enforcement of chapter 149, acts of 1888, '*An act to cause proper sanitary 
provisions and proper yentilation in public buildings and schoolhouses/' throughout 
the State, I find by the reports of the inspectors that most of the schoolrooms out- 
side of our large cities are heated by stoves and that any special system requiring 
heated flues is not applicable. To arrive at some conclusion as to what system should 
be recommended for this class of schoolrooms has been the subject of careful con* 
slderation, and it has been found that the best means thus far devised for ventilating 
rooms heated by stoves, that approximates a good system of ventilation, is the 
"jacketed " stove. By the courtesy of the secretary of the State board of health I 
am enabled to give a description of the system adopted at the Red Rock street 
Bchoolhouse, Lynn, and to copy a portion of the report made by Dr. J. G-. Pink- 
ham. 

USE OP JACKETED STOVES. 

It may be taken for granted that it is impossible to supply schoolrooms with the 
large amount of fresh air required for proper ventilation and at the same time to keep 
ap the temperature, unless provision is made for warming the air before or during its 
introduction. To accomplish this economically with the class of rooms under con- 
sideration, the jacketed stove, or some form of heater arranged on the same princi- 
ple, seems to be the only available device. 

RED ROCK STREET SCHOOLHOUSE, LYNN. 

This is a brick building of good construction and in a healthy locality. The ven- 
tilating apparatus was put into it during the summer of lb86, and the description 
which follows is from the report of the committee on sanitation for that year : 

''There are in each room two large stoves (Barstow's Puritan, No. 18), one on 
each side of the room, near the firont. Each stove is incased in a galvanized-iron 
jacket about 6^ feet high with a spreading base. Air is admitted to the space be* 
tween the stove and its jacket by an air-box running through the side wall, the 
opening for each stove having a sectional area of 4i square feet, being large enough 
for the whole air supply of the room. In cool weather one stove in each room is 
used ; in cold weather both stoves. 

** There are two extraction flues, built in one stack, at the rear of the building, 
one with a sectional area of 5.2 square feet for the upper room and one with a sec- 
tional area of 4.1 square feet for the lower room. They are of brick, and in an inner 
comer of each is a fire-clay smoke pipe connecting with the stove pipes. These 
smoke pipes end at the level of the chimney top, and the whole is covered with an 
iron cap like an Emerson ventilator, but rectangular. For heating the flues one of 
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D. W. Cashing's Ring Cylinder stoveB is set into the ufith, or partition between the 
flues, projecting into each. The flues are enlarged opposite the stove to compensate 
for the obstruction of its bulk. As the cellar does not extend under the rear of the 
building the flues end at the floor level of the lower room. The openings from the 
rooms into the extraction flues are made at this level from the lower room directly 
through the wall, and from the upper room by means of a 30-inch tin pipe running 
down beside the stack from the upper floor. The flue-heating stove is set about 3 
feet above the lower floor, and access to it is had through an iron door opening into 
the schoolroom. Most of the air withdrawn from the rooms goes through large 
openings close to the stack; the remainder (15 or 20 percent.) is drawn through 
ducts under the back platform, and thence into the extraction flues. The total area 
of outlet openings from each room is about equal to the sectional area of its extrac- 
tion flue. All outlet openings are covered with wire netting of about 1-inch mesh. 
Inlets on outside of building are protected by boxing and fine netting." 

The illustrations which follow will make this description plain. All dimensions 
are given in the floor plan and sections. The capacity of the lower room is 10,700 
cubic feet, that of the upper 12,040 cubic feet, allowance being made for chimney, 
platforms, stoves, and jackets, but none for furniture or persons. The air space per 
scholar, using the average attendance during the winter terra of 1886 as the basis of 
calculation, is for the lower room 194 cubic feet, for the upper room 240 cubic feet. 
The actual air space enjoyed by each pupil in any school varies, of course, from time 
to time with the number in attendance. The average age of the pupils in the lower 
room is 7 years 9 months; in the upper room, 9 years 6 months. The results at this 
Bchoolhouse have been most excellent. There was no difficulty in managing the 
apparatus after its working was fully understood. 

Visitors to the school note the apparent purity of the air and the teachers bear 
similar testimony. 

Measurements of the outflowing air have been made at various times. These show 
an average for the lower room of 108,510 cubic feet per hour, or about 2,100 cubic 
feet to each pupil; for the upper room 84,664 cubic feet, or about 1,900 cubic feet to 
each pupil. In making these estimates the cubic contents of the rooms were added 
to the outflow, and the average attendance of the pupils employed as a factor. 

It is probable that in mild weather these figures would be somewhat reduced. 
They might be considerably reduced and still leave quite a liberal supply for pupils 
of the ages specified if the commonly received views as to the amount required are 
correct. It is intended that the fire shall be kept burning in the flue-heating stove 
at all times except in warm weather. lu this way the air supply may be kept up 
when the jacketed stoves are not in use. 

The air analyses have very uniformly shown good results. 
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Nora.— If Ibe Bridgeport^experimeiits <»« Appendix II) are correct, aa is believed, 
Binore complete cbsngo of air in this room would be aeonred by placing tlie Btoves 
■t the same end of tlie loom as the chimney. The unsightlf stovepipe would be 
■voided, and its dripping, its insting, and its frequent removal would be saved. The 
heat from this long pipe wouldbeloatrto the room,of course, but it woald be utilized 
in the ventilating flae, and thus Bare the extra fire in the chimnef stove part of the 
time. With the ventilating chimney at the rear of the front platform, the stove in 
the flues eoald be fed &om the landing of the stairs, and additional windows could bo 
paeed in the rear wall. In this plan there shonld be more windows at the left of the 
pupils, ThoM at theic tight should generally have the blinds closed.— [A. P, H.] 
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THE HYGIENIC CONSTRUCTION OF THE BBIDGEPOBT HIGH SCHOOL 

BUILDING. 

By Warren R. Briggs, Architect, Bridgeport, Conn.* 

In no department of public or private, works is there sach vital necessity for a 
perfect system of hygiene as in the planning, construction, drainage, and ventilation 
of our school buildings. At no time in our lives are we so susceptible to disease as 
in our school days. The rapid growth of the child, the mental strain that our 
forcing system pf education requires, and the bad sanitary condition of many homes, 
all tend to weaken the constitution at this period, and render it particularly liable 
to the contraction of disease. The necessity of abating, as far as possible, and ulti- 
mately exterminating, what is known as preventable disease, has become of para- 
mount importance. The alarming spread of malarial diseases and malignant epi- 
demics among children in various parts of the country I attribute, in the majority 
of cases, to criminal carelessness in sanitary matters. Miserable construction, poor 
sewerage, bad plumbing, and no system of ventilation, combine to produce among 
the poor classes hotbeds for the nursing of the germs of pestilential disease that are 
then conveyed by the children to our schoolhouses. Much has been accomplished 
by oar State and local boards of health to remedy this evil, but there still remains a 
vast amount of work to be done. Stringent legislation is needed in all matters per- 
taining to building, and proper officers appointed by the Governor to enforce the 
laws are required in all the larger cities of our State. When this is done we may hope 
to see the erection of the miserable shams, that greedy speculators and unscrupulous 
landlords now burden ns with, stopped. So long as they enjoy the license at present 
sdlowed them, we can hope for no improvement. 

The schoolhouse, where the child bpends from four to six hours each day, demands 
our direct attention. The majority of the pupils in our public schools come from the 
poorer classes, and are, as a rule, none too cleanly in their personal habits. Coming 
from homes which have none of the luxuries and barely the necessities of life, they 
are in no condition to be subjected to either excessive heat or extreme cold. Foul 
air and poor ventilation they have in plenty at their homes, and we should endeavor 
in the schoolroom to supply them with pure air, uniform temperature, plenty of 
sunlight, cheerfulness, refinement^ and comfort ; our buildings should be so planned 
as to combine all these requirements. 

Dr. Lincoln, in his admirable paper recently published in Buck's Hygiene, has 
plainly told ns what a school building should be, and the writer has endeavored, as 
far as lay in his power, to produce a building that shall be a model of its kind. He 
has not only labored long and faithfully himself, but has consulted the leading 
experts of the country in regard to the heating, ventilation, and general sanitary 
arrangements of the building, and has always received from them their hearty 
approval, coupled with the remark : "We have frequently called the attention of 
the public in our articles to what a building should be, and we are glad to see at last 
a building planned in accordance with our views." 

- — - - , I ,_nj_n.. n   Mil  I 11 —   ■-I  — — - ^..^i.  I ■! ■— ^^fc— m  ^i— 

* Beprinted by courtesy of the author and the State Board of Health. 
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In all the writer's efforts he has been most ably seconded by the board of education 
of this city, and more especially by the members of the board who comprise the boild- 
ing committee. They are, to a man, whole-sonled, enlightened. Christian gentle- 
men, who hare the welfare of the public in view, and although they have been 
severely criticised and wrongfully assailed, they have unflinchingly put their 
shoulders to the wheel, and worked with a zoal that can not be too highly com- 
mended to secure for the city a building that can be pointed to with pride when 
finished. 

The site of the new bu ild i ng is admirable. Situated almost i n the geographical cen- 
ter of the city, in one of its best localities, far removed from all noise, dust, or odors 
arising from factories, stables, or the like, being completely isolated on all sides, hav- 
ing no large buildings or trees to shadow it, and standing within a few feet of the 
highest ground within the city limits, it presents natural advantages that have never 
been surpassed, and seldom equaled. The lot has an actual elevation of 61 feet 
above the average high water in the harbor. ' It has a frontage on two streets of 200 
feet, and an average depth of 256 feet, the lot running from street to street. Not only 
are great advantages obtained by this frontage in ease of access to the building, but 
thus are secured unexceptional facilities for the disposal of sewage, there being a 
12-inch main running down the hill in the center of both streets. In these streets the 
fall is very rapid, between 4 and 6 feet in every hundred. 

The principal front (there is no rear) of the building fkces Congress street, which, 
running nearly east and west, gives it a southwesterly exposure. This arrangement 
secures in every room in the building, during a portion of the day, Bunlight in abun- 
dant quantities. 

The building i»>designed to be constructed of brick, with local stone foundations 
and underpinnings, brownstone caps, sills and trimmings, exterior steps to be of 
granite, and roofis of slate. It will consist of three stories, viz, the ground floor, first 
story and second story. It contains a total of fourteen school and recitation rooms, 
a chemical laboratory, reception room, office, library, janitor's room, work and boiler 
room, besides the water-closets. 

The height of all rooms in the building, with the exception of the high school 
room, is 13 feet, the high school room having a height of 28 feet in the center, and 
21 feet on the sides. 

The writer does not consider it necessary to go into a detailed explanation of each 
floor plan, but will simply call attention to some of the novel features and general 
construction of the building. The plans themselves illustrate sufficiently the general 
position and arrangement of rooms and halls. 

The ground floor is located^two steps, or about fifteen inches, below the grade of 
the lot. This, under ordinary circumstances, would be considered an objection, on 
the plea of dampness, but the floor and side walls have been so carefully prepared 
that the rooms situated on this floor are expected to be the driest in the building. 

In the first place, the ground itself is unusually free from dampness. Ample provis- 
ion has, however, been made for the removal of all surface water by the introdnction 
of 6-inch drain pipes, laid with open joints in trenches filled with loose stone, the 
stones covering the top of the pipe a few inches. These pipes run all around the 
building, just outside of the foundation wall, and are then carried to the manholes, 
where they are connected with the main sewer above the running- trap. 

The ground under the floor of the schoolrooms situated on the ground floor is first 
cemented 2^ inches with the best Rosendale cement, and then covered with two coats 
of asphaltum. This asphalt is put on hot, and not only covers the entire bottom, but 
runs up on all outside and inside walls to the height of the copings, and is then car- 
ried across the top of all interior and exterior walls, forming an impenetrable protec- 
tion against dampness. Not only are the ground floor and the walls to the height of 
the coping treated in this manner, but all outside walls in the building, — they are all 
coated to their full height and width with two coats before they are furred. This I 
believe to be a more perfect safeguard against dampness than the hollow wall. 
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STAIRCASES. 

The staircases consist of fonr flights; two at either end of the bailding. While 
beiDg convenient and easy of access from all parts of the building, they are yet suffi- 
ciently isolated to be free from the usual objection of noisCf aud are moreover abso- 
lutely fireproof. They are constructed with iron treads and risers securely fastened 
to striugpieces, also of iron, that are bolted directly to the brick in closing- walls. The 
top surfaces of all treads are to be covered with rubber, to prevent slipping. All 
platforms and landings are to be formed of granite slabs 8 inches thick. The stairs 
are formed with two ** runs '' for each flight, with landings midway, this being done 
to secure an easy ascent. The stairs are all 5 feet wide; all landings, 5 by 11 feet; 
risers, 7^ inches; treads, 11 inches; they are well lighted at all points by ample win- 
dows placed on each landing. An iron hand rail, bolted to the walls, runs around on 
all sides at a suitable height. There is no wood finish of any kind, with the excep- 
tion of door and window casings, in the staircase halls. The side walls are all of face 
brick laid in black mortar with struck joints. These walls, when hard, are to be 
treated with a coat of liquid filler, and then varnished in two coats, thus forming a* 
perfectly hard surface not easily marred or soiled. 

HAT AND CLOAK ROOMS. 

In all oar school buildings of the present day, the hat and cloak rooms have been 
more or less objectionable, especially in wet weather. Children coming in with wet 
garments hang them in narrow rooms, poorly heated and lighted, and usually unven- 
tilated, where they are allowed to steam in a close and unwholesome atmosphere 
during the session, and at its close are put on by the child in a worse condition than 
when taken off. An attempt has been made to remedy this evil in the construction 
of this building. In the main halls, which are spacious, and which are to be heated 
and ventilated in the same manner as the schoolrooms, have been placed the hat 
and cloak rooms — two for each schoolroom. These rooms instead of being lathed 
and plastered in the usual manner are simply partitions of ash 8 feet high, entirely 
open at the top, and so arranged that only the supporting-posts run down to the 
floor. The portion of the partition between the posts is kept 4 inches from the floor, 
giving a free circulation of air throughout the rooms. Damp or uncleanly clothing 
bang in these rooms during the session instead of being filled with foulness arising 
from the confined atmosphere will become purified by the constant circulation of 
pure air, the impure air being disposed of through the main hall ventilators. 

 LIGHT. 

All eminent writers on school hygiene have called attention and dwelt with much 
stress upon the importance of abundant light properly distributed in our school 
rooms. That the light should come from the left side and be introduced at nearly 
right angles to the floor-line is an establi«hed rule among those versed in school mat- 
ters. Upon the actual amount of glass required by each pupil authorities differ. 
Dr. Lincoln states that the size of the windows, taken collectively, should equal at 
least one-sixth of the floor space. Cohn, the German writer, requires one-fifth, or 30 
inches to the foot. Some of the highest authorities require from 300 to 350 square 
inches of glass for each pupil. This coincides very nearly with Cohn, but Dr. Lin- 
coln does not consider that in our schoolrooms that have a greater depth than those 
referred to by the above-mentioned authorities, the amount mentioned by them is 
enough. 

In the Bridgeport schoolhouse the window-stools have all been kept 4 feet from 
the floor, and the window openings are carried up to within 1 foot of the ceilings. 
The size of the windows, taken collectively, equals, in the comer rooms, one-sixth 
of the floor-space, allowing 50 pupils per room, and provides 434 square inches of 
glass per pupil. In the middle rooms the floor-space is seven times that of the glass 
surface, and allowing 50 pupils per room will give to each 403 square inches of glass. 
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Fig. 2.— Bridgeport High School building. (First-story plan.) 
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In the corner roome the seats are so arranged that the light comes always from the 
back and left; in the middle rooms it comes only from the left. 

In the High School room the glass surfaces, taken coUectiyely, eqnal one-sixth the 
floor-space; allowing 200 pupils for this room will give to each pupil 384 sqaare 
inches of glass surface. 

FLOOB, AND CUBIC FBBT OF SPACE ALLOWED BACH PCPIL. 

In the comer rooms, allowing 50 pupils per room, each pupil will have 20.50 
square feet of floor-space and 266 cubic feet of air. In the middle rooms each pupil 
will have 21 square feet of floor-space and 273 cubic feet of air. In the High School, 
allowing 200 pupils, each pupil will have 17 square feet of space and 441 cubic feet 
of air. While the floor-space in the High school room is somewhat smaller than the 
highest authorities require, the cubic contents are largely in excess of the most ex- 
acting, and it most be taken into consideration that this room is seldom occupied 
by the entire number of pupils for more than a few moments at a time, as the recita- 
tion rooms used in connection with it are, during the school session, in constant us6. 
It should also be remembered that the number of pupils calculated for each room is 
their extreme capacity. It is to be hoped that no teacher will be burdened with 
more than 44 pupils, although I have based my estimations on a larger number. 

THE«WATEB-CLOSETS AND THEIB CONSTBUCTION. 

The demands of modern civilization require that we provide, either within oni 
school buildings or in close proximity to them, water-closets for the use of the papils. 
There can be no doubt but that much harm is done to children, in many schools in our 
State, from the bad sewerage and careless arrangement of water-closets. It has 
been said that privies placed under the same roof which shelters the school should 
not exist for a moment. I do not consider that this rule should be simply applied to 
privies, but that the groups of water-closets that are required in all our large schools 
should come under the same head ; they, should in no case be placed directly under 
schoolrooms in the basement, as contamination will surely follow sooner or later. 
They should be, if not wholly, at least partially isolated from the building, and 
those for the boys removed as far as possible from those of the girls. The teachers' 
water closets can, I think, with safety be placed in the building, that is, if they are 
carefully ventilated ; these water-closets will be used understandingly and are not 
liable to become unwholesome, but the pupils' closets, even with the most careful 
watching, are liable to become foul from the habit so prevalent among children (I 
wish I could say that the habit was confined to children alone) of making the closet 
a common receptacle for all kinds of garbage. 

In the Bridgeport schoolhouse the closets for the pupils have been placed at either 
end of the building, under the entrance steps, far removed from each other, securing 
a complete isolation of the sexes. They are also completely shut off from the main 
school building by the intervening staircase halls ; by this arrangement, ease of ac- 
cess is obtained, combined with complete isolation, obviating the danger of contam- 
inating the main school building. 

The water-closets have been constructed with a view to having as little woodwork 
as 18 possible with the requirements of comfort. The main floor is to be of bluestone 
flagging 4 inches thick, laid in Portland cement ; this is laid on a gentle incline to a 
certain point, to secure a good dip or wash from all points of the room. The side 
walls are of brick, treated iu the same manner as has been before mentioned in the 
description of the entrance halls. The ceilings will be formed by the bottom of the 
granite slabs that are used for the floors of the vestibule, porch, and outer halls. The 
casings, doors, and seats for the closets comprise the entire woodwork ; these are of 
ash and are treated to a coat of filler and then varnished in two coats. The parti- 
tion between the hoppers is to be of slate 1^ inches thick, 7 feet high by 2 feet 6 
inches broad. These slate partitions are held in position by iron floor and wall pieces 
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and caps of the same material (see accompanying drawings). The floor npon which 
the hoppers stand is raised one step above the main floor of the closet (see drawing), 
and is alvo composed of blaestone flagging 4 inches thick, a hole being cnt through 
this stone for the outlet of the hopper. The closet that is intended to be used is the 
Hellyer Short Artizan Hopper. This closet combines more good points, in the writer's 
opinion, than any at present known to him. Its chief point of excellence is its sim- 
plicity of working, and the fact that it is entirely of earthenware. There are no pans, 
valves, or plungers to become foul or get out of order ; it is, in fact, an earthen hop- 
per of improved shape, fed by a continuous tank to which is attached for each bowl 
a serving box. When the seat is occupied, by a simple device a valve is raised, and 
the serving box filled with water from the tank, at the same time a small stream is 
permitted to trickle into the hopper, wetting the sides and preventing the adhesion 
of excretion to the bowl. When the seat is relieved of its weight, the valve before 
referred to is closed, another one opened, and the contents of the set ving box (some 
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TiQ, 4. — ^Method of laying brick around stoves in water-closets 



7 "" "" 7 

^' odn' oirin' 



'UpsSi 



I 



i 



yoffvx 



im 



M 



ofn 




i 



r-i^^fgm in mxsn-^y. ■■■:■* n-t i ^-y -/. ;;>a«Kt;'v<-;f -, 



'^^^^^^'■21^^ 



Fig. 5.— Elevation of a portion of the closets. 
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' Fid. 6. —Section tbroDgh water-closet 

3 galloDs} soddenV diBcbarged tbrough a large pipe coauect«d with the flDBbing rim 
iat« the boni of the hopper, carrying all solid mattei; Ihroagh the trap. Aa I have 
•aid before, these hoppers, both bowl and trap, are of -white earthenware; they are 
lo be eecarely bolted to the blnestone and left entirelj open and exposed to Tiew. 
Tbe seat is supported by the slate partitiona, on wbtch are bolted slate olaate. The 
cb^n operating the service bos and feed pipe are both inclosed ia an iron pipe, so as 
to be oompletelj inaccessible to tbe papils. 

The tank and service bosee are of iron, painted. Direotl? nnder the platfoTm on 
which the hopperx etand, there is to be oonstracted a manhole trench, to be bnilt of 
brick, coat«d with asphalt ; the top is formed of the blnestone that the boppeia rest 
npoD. This manhole is 2 feet broad b; 3 feet 6 inches high, and is large enongh to 
permit a man to crawl through it to inspect the pipes. This trench is to have an 
iron register atone end for tbe admiHsion of pure air, and at tbe other it is connected 
directly with the ventilating shaft. In this treuoh are to run the soil pipes from 
the hoppers; these are to oouBiat of (i-inch cast-iron pipes with a4-inoh y-joi"* *>' 
each hopper. These pipes are calked with molten lead and then covered with two 
coats of asphaltnm to prevent rust. By the arrangement of this trench the soil pipe 
SDdits oonnectionsare always accessible; even shoulda leak occnr in anyof its Joints 
that was not at once discovered, the stench arising from each a cause would not enter 
the building bat pans otf through the ventilating flue. The urinals are placed along 
the inside division walU ; they are to be constrncted with slate backs and troughs 
put together in the most approved manner, tbe trough being supported by braaa 
braoket-B ; tbe back ia arranged with a ueat cap of slate, nnder which is ran a water 
pipe perforated with small boles ao as to secure the complete wetting of tbe en- 
tire back at all times. Underneath this troagb, in the floor, there la anoUier trough, 
tbe bottom and one side bein)c of blnestone and the other formed by the slate back; 
this trough baa an inclined surface and is intended to carry off all drippings or eloi»- 
pings that may occur In or about the closets or urinals. At its outlet it is trapped 
with a deep running trap and then connected with tbe main drain. This arrango- 
Dient will enable the janitor, at tbe close of each day's session, thorooghly to wash 
down with a hoee the entire room. 

Upon the inside walls of the rooms that are occupied by tbe closets have been 
ilO—Uo. 3 6 
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placed yenttlating flaes, two for each of the cloeeta. These flaes are of large size, 
and ran np through the bnilding, entirely independent of all other flnes, to a point 
iar aboye the main cornice line. Through tiiiese fines the extension of the soil 
pipes of each section of hoppers is carried, and there is also connected with the fines 
a vent pipe, running under the seats just above the trap of each hopper. Lastly, the 
trench in which the soil pipe runs is also connected. The lower portions of the fines, 
that is, those parts of them that come directly into the rooms occupied by the water- 
closets, are enlarged into a circular form (see plans), this being done to permit of the 
introduction of a small stove in the bottom of each flue, and this stove is to be kept 
running always, both winter and summer, as the writer believes that this is the only 
way to secure a steady up-current at all times under the varying conditions of the at- 
mosphere. The brick work around the stoves is laid in open work (see sketch), and 
on the inside covered with wire netting. There is also an iron door provided for 
each fine. By this arrangement many points are gained ; not only are the hoppers 
and soil pipes perfectly ventilated, but any stench arising in the rooms is quickly re- 
moved by the strong up-current through the fines. Again, in the winter, the stoves, 
two in each room, will be ample for heating purposes, while in summer, by a simple 
device, the direct radiation is shut off from the room and thrown entirely up the fine. 

The teachers' water-closets, situated two on each floor, are to be of the same pat- 
tern as those described, fitted np in the same manner as the ordinary house closets, 
but with special reference to their construction and ventilation. 

NoTK. — The soil pipes for the teachers' closets in the main building are laid in a 
trench in the same manor as described above ; the main drain runs into a manhole 
just outside of the building, where the three lines of soil pipes (one from each section 
of hoppers, and one from the teachers' closets) are broaght together just above a deep 
running trap. -This manhole is covered with a bluestone fiag, is carefully ventilated, 
and easy of access. There is also connected, just above the trap in this manhole, the 
rainwater drains connected with the leaders from roof, so as to secure during every 
rain a thorough scouring out of all the drains and their connections. The reader, by 
studying the accompanying plans and sketches, will be enabled readily to under- 
stand the general arrangement and working of this system. 

HEAT AND VENTILATION. 

It is generally admitted, on all sides, that the most practical, economical, and surest 
way of heating onr buildings, at the present day, is steam. Granting that steam 
is to be onr medium, it next becomes a question of how it shall be used. There are, 
at this writing, two methods in general use, these being known respectively as the 
direct and indirect systems. The direct system means the placing of radiators or cir- 
culation pipes in each and every room required to be heated. The indirect system 
consists in placing all the pipes or radiators in boxes in the basement. Pore, cold 
air is brought into these boxes, and by passing through the coils of heated steam 
pipes is warmed to the degree required. The heat generated in the boxes is then con- 
veyed to the various rooms through tubes or pipes, in the same way that heat is usu- 
ally conducted from our hot-air fumace& Both systems have many strong advo- 
cates, bnt as far as the writer's investigations and researches have led him, he has 
found, among men that have simply the heating of a room in view, the direct system 
in favor ; but among those who desire not only the actual heating, bnt the supply in^^ 
of the room with fresh, pure air at all times, the indirect system is invariably adopted. 
From the personal investigations and practical experiments the writer has made from 
time to time, he is convinced that far better results can be obtained by the indirect 
method than by any now known to him. It has therefore been adopted in the new build- 
ing for this city. It may be said in objection to this system that the amount of fuel 
required to heat a given amount of space is largely in excess of that required by the 
direct plan ; this is in a measure true, but not to the extent supposed. Again, it has 
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been said tliat it ia itnpossibia to beat exposed roomabjthe indirect plan, withont an 
euoriDOtiH apparatus. This also is a mUtake, for neither an eztraTagant nae of fuel 
DOTS gigantio ap^^MratosiBieqaired. if Ibeapparataaisproperlyarraugadandandet- 
Btaiidingly handled. The tronble has not been irom the inability to produce heat, 
but from the extraordinary loss of heat, this being occaeiosed in many oases by the 
poaition of the introdactory flaee, and in other oases by that of the ontgoing ven- 
tilating dncta. It ahonld be onr aim to atilize every particle of heat entering the coom 
before we allow it to escape ; it is certainly folly to briag in vast qaantities of pore, 
irarmed air at the floor level of a room and send it oat with equal rapidity at tlie 
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ceiling level, withont having traversed the room, ontaide of an almost direct line 
drawn frora the incoming to the ontgoing register ; yet in many cases oar registers 
are so arranged that it is impossible to get any different resnlts. 

I have before said that there is a general nnanimity of opinion among expeTteDa U> 
the feasibility of indirect heating, bnt in regard to the placiog of the heating surfaces 
in the cellar and tho position of the incoming and ontgoing registers there is a wide 
diversity of opiiiion. 

I shall endeavor briefly to describe some of the principal methods in common nse, 
and the objections that I have to them, before describing the Bystem adopted in the 
Bridgeport soliool bailding. 
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Fint, tlw placing of Ibe coil boxes in the bMemeot, oa the oater walls aiider the 
rooms to be heated (Fig. S), and tbe introdnotion of the warmed ^r at the floor and 
its removal at the ceiling level npon the opposite side of the room. 

The obJectiODB that I have to this system are : 

1. That in a boilding like the Bridgeport school there ironld hare to ba placed in 
the baaement at least six aeparate coil-boiee for the generation of heat, arranged 
ODO under each room ; that by placing these boxes in the baeement rooms the rooms 
are rendered entire!; au&t for school pnrpuses, and tlieir ntilit; for playroom is greatly 
crippled. 

2. That by placing these boxes far away from the center of the bnilding, whme 
the lioilen are presumably located, a large amonnt of additional piping becomes 
neccMary throogbnut the boaemeat. 

3. The boxf B being placed on the outer vails of the Irailding, there is danger of the 
pipes freezing; constant watching and attention is required to prevent this and to 
insare their proper working. 

4. That the introdoction duots or Sueb rnnniug Dp the ontet ezpoaed walla of the 
bnilding lose a great deal of heat by their proximity to the cold ; that this loaa of 
beat cannot be wholly obviated even by the most expensive constraetion ; tb»t a 
large addition to the actnally necessary heating surface is required to overcome tbia 
loss of heat, caused by the exposed position of the flues. 

Lastly, that the air enteriog npou the outer wall at the floor, and beiog removed 
on the inner wall at the ceiling- level, does not benefit the occupants of the room ae 
it should. The action of the air as it enters is rapidly npward to the ceiling, where 
it stratifies, then along its surface to the outlet, as indicated in Fig. 8. The enter* 
iog air is warm and light, and natorally rises aiid flows across the top of the room to 
the nearest outlet. The foul air of the room, being heavy with impnritiee, remains 
attbe bottom, becoming constantly more contaminated. There iano doubt a certain 
amoaot of radiation or mixing going on, bat the great bulk of the poie warmed air 



entering the room takes the abort cutncrosa it and up the ventilatiDg duct, aeehowti 
ill Fig. 8. Tbia action of the warm air occasions, a« may be readily seen, an enor- 
mous loss ol beat w'ithout accomplishing the very resnlts aimed at, the utilization of 
every particle of heat before it is allowed to escape, and the thorongh mixing of the 
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pare ineoming air with tbe air already in the room. If aoj one doabts the oorreot- 
nesaof the action of air m herein deMiibed, let him fill the incomiog flue with amoke 
that oan be rettdilf Been, and watch its conrBe aa it enters, Sows npw&rd and ont- 
ward, and aee where the great maaa of it gom. The dotted lines on these sketohea 
indicate the breathing point of a person sitting. 



It ntaf be well to explain that in the expeiimeuta that I have made the oatleta 
hare been at least twice as large as the inleta, and that there haa always been heat 
in the outgoing Snea to prodnce a strong np-current, as I believe this to be the only 



Bare way to piodnce a constant ontward flow of air. In Fig. 9 the ontgoing fine is 
in the aame poaition, bnt the incoming flue has been raised abont two-thirds of the 
way towards the ceiling. In Fig. 10 the fines have been placed on abont tbe aame 
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level, bnt with no better resalta. In Fig. U the outgoiut; fine baa been placed »t the 
floor with the leaults ahowo in the shetcb. In Fig. 12 both flnes are at the floor- 
level with better rosnlts than have yet been obtained, bat still far from satisfactory. 
I have thiu tried to show the genentl action of incoming and ontgoing ciinrents of 
air by the placing of the introdnotion flnes on the oater walls and the ontlets on the 



The second method in general use is the placing of the coil-boxes npon th« inner 
wall and the removal of the foul aii at the oppoeite or onter side of the rooms. I 
consider the placing of the ooil-boxes on the inner wall a great improvement on 




the other method, aa bj' this plan they are centralized, extensive piping is saved, and 
thedanger of freezing obviated. The placing of theexhanst flnee on the opposite 
side of the room I believe to be open to the same objections that I have described in 
the first method. The action of the hot air, from the points where it is introduced 
toward the varione ontlets, is the same as In the sketches already shown, and will 
he readily nnderstood by the reader. 
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In the Bridgeport school the coil boxes for tbe heating of the vailoas rooms have 
all been pUoed in the main ventilatiag shafts in the center of the building, and the 
air conreyed from them throagh these shafts to the rooms by means of metal tnbea. 
The air enters the innar comer of the room about 8 feet from the floor, the corner be- 
iDg clipped (see plans) so as to form a flat surface for the register opening; under- 
neath tbe register the space is ntilized for a closet for the nse of the teacher. The 
outgoing flue has been placed directly under the platform, which ia located in the 
same comer as the introdaction due. This platbrra measnrea 6 by 12 feet, and is 
supplied nith casters, so that it can be moved at any time it ia necessary to clean 
under it. Its entire loweredgeiskept about 4 inches from the floor to give a IqII cir- 
culation of air under it at all paints. The action of the incoming air ia rapidly up- 
ward and outward, stratifying as it goes towards the cooler outer walls, thenoe flow- 
ing down their snrfaces to tbe floor and back across tbe floor to the outgoing register 
on the inner comer of the room. By this method all tbe air entering is made to 
traveiae with a circnlar motion (see Fig. 13) the entire room before it leaotaea the 




Fio. 13. 

exhaust shaft, and there is a constant movement and mixing of tbe air iu all parts 
oftha room continually going on. All the heat entering is ntilized, aud I believe 
that if the supply and oKhnnet flues ore properly balanced as to sixe that tbero can 
bn a very small loss of beat. 

Tbe inlets are all intended to be large, and the flow of air throngb them moderate 
and steady. Tbe air is not intended to be heated to a very high teiaperatnre ; .the 
large quantity tutroduced ia expected to keep the thermometer at about 68° at tbe 
breathing level. The schoolrooms oootaiu on au average about l'J,000 feet of air, or 
260 cubic feet per pupil. It is proposed to supply each papil with 30 cubic feet of 
air each minute, or 1,600 cnbio feet per hour. Allowitig 50 pupils to each room 
this wilt necessitate tbe iutiodnction of 90,000 cnbio feet of air into tbe room each 
hoar, and will change the air of the room 6.93 times within thehonr, or once in about 
Sminntes. These calcalations are bu«ed on a difference of 30 degrees in the temper- 
ature. In tbe exhaast flues there are placed coils to produce a strong up-current at 
all times; heat is also obtainedfrom radiation A;om tbe introdaction aud boiler Sues, 
which ran through the foul-air shafts. 

Trouble has always been found iu regulating the sapply of warmed air obtained 
by theindtiect system, owing to tbe inability to control the heating snrfaces. The 
asaal way of constructing the apparatus has been toplacein the coil boxes enfBcient 
Btoam pipe to heat the room in the coldest weather. Tbe pare, oold air passing over 
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the pipe* b«comM bested to the deaired temperatare, and ia thea oacried to die 
rooms. This asswera very well during the coldest weather, bat ao tbe weatber mod- 
eistee and leoa heat U reqiiiri^d, the only way to rugalate it baa been to cloae tike 
ngisten. Tbianot only lowers the temperatareof tbe room, bnt abate off the aoppl; 
of pare air entering. This fault boa heeu remedied in tbe Bridgeport achoolhonae 
aafbUowBi Tbe heating surface (steaiD pipea) (breach room is inclosed iu separate 



cases or Jackets (see Fig. 14) of metal, and are then subdivided into five sections, so 
arranged that any number of sections or the whole may he ased at pleaaure; that ia to 
■ay, that anyone, two, or three parta maybe used at discretion, Xn extreme oold 
weather tbe whole five sectioiiH are in nae; in moderate weather two or three, and 
wbeu a acnall amount of beat is required, only one. By this plan the anpply of pure 
^[remains always the samo, hat tbe degree to which it is heated is changed by the 
opening or closing of a steam valve. (See Figure 14. ) 
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The arrangement of all the heating and ventilating apparatus in the center of the 
baildiu«r renders it convenient and easy to manage, economical in its constrnction 
and effective in working. The advantage is also obtained of having all speaking 
tubes, call bells, and wafer pipes ran through the ventilating shafts, where they are 
always accessible, as each shaft is provided with an iron ladder. This system ha? 
not only been introduced into each room, but into the halls as well. There are 
placed, moreover, in the halls foot warmers that are indicated on the plans. These 
warmers are simply steam pipes incased in tin boxes arranged, between the floor 
joists ; the pipes are packed in sand to temper the heat, and are covered at the 
tloor level with cfieckered iron plates set flush with the floor. The tin cases referred, 
to are water-tight, and have a drip pipe running down to the boiler room, so that in 
case of a leak no damage may be done to the building. 

The boiler room floor is sunk some 6 feet below the level of the ground floor to 
insure a drip of all return pipes from the coils. The cold-air inlets are ou four sides 
of the building, the openings being about 8 feet from the ground. These inlets are 
connected so that, whichever way the wind may be, a supply of pure cold air is 
always assured. 

I have thus far spoken only of winter heating and ventilating ; for summer ventila- 
tion I believe that there are no better inlets for the air than the windows. There 
are many devices that may be arranged in them that are simple and efiective. It is 
not necessary to describe them here. The outlets, however, need a brief description. 
It is intended not only to use the outlet under the platform, but by a simple device 
the incoming register for warm air in winter is made to connect with the main outlet 
in summer, so that two outlets are provided during the warmer months. The upgo- 
ing current in the ventilating shafts is maintained in summer, as well as in winter, 
by heat ; there being placed at the bottom of each shaft a stove, which is to be used 
constantly when the boilers are not in use, insuring an equally strong up- current in 
summer as in winter. 

I would say, in conclusion, that many interesting experiments have been made 
and important facts established. These experiments have principally been made 
with a model of about oue-sixth the capacity of the schoolrooms. They have always 
resulted most satisfactorily, and have proved the correctness of the principles herein 
advanced against the objections commonly raised that heat brought into the room on 
the inner walls will not sufficiently warm the outer walls. I would say that in every 
test yet made the registration of carefully graded thermometers has been from 1^ to 
2^ warmer near the outer wall than near the inner, showing conclusively that the flow 
of heated air is rapidly towards cool surfaces, and that if its volume is sufficient it will 
counteract the radiation from the outer walls and render the temperature of the air in 
their immediate vicinity comfortable. Many other interesting facts have been estab- 
lished, and much useful data obtained, but I have neither the time nor the space here 
to describe them. I have purposely omitted in this paper all figures not actually neces- 
sary, aiming to make it a simple statement of my views, fortified by the results of 
actnal experiments. If any should desire more minute details thau are here given, 
by communicating with the writer he will willingly furnish all the information re- 
quired, or should any be interested enough to come to this city, he will be pleased 
to go through with them some of the experiments here mentioned. 

The building has been described throughout as it was designed to be built by the 
architect ; some modifications have been found necessary, however, during the prog- 
ress of the work. 
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Since the preceding pages were prepared for the press several new plans for heat- 
ing and veDtilation have heen introduced in this city, both in new houses and in old 
ones, with excellent results. The following description of these houses is taken from 
the Beport of the Worcester, Mass., Schools for 1889. The only uncertainty as to 
the relative merits of these several systems is the item of cost in fuel consumption ; 
but that will be determined later, and the results will be published. From the report 
for 1890, the description of the Salisbury Street house, and the instructions to janitors 
are also inserted. 

THE QUINSIGAMOND HOUSE.* 

This is a building of four rooms, two on each floor. The exterior is of hard-burned 
sand-struck bricks, with red mortar and granite trimmings. The facade is sparingly 
ornamented, but very effective in its simplicity. The basement is half above the 
ground ; and the entrances under porches are raised only one or two steps. All the 
stairs are under cover and always free from ice. The basements are paved with 
asphaltum, with whitewashed walls, light, high, and airy. From these on opposite 
sides there are entrances into the closets — on one side for the boys and on the other 
for the girls ; and from each closet is a door leading to the yard. Great care has been 
given to the lighting, the heating, the ventilation, and the sanitary arrangements 
of this house. The windows are massed on two sides of each room. They extend 
upward to the ceiling, and the sills are about four feet from the floor. They are pro- 
vided with light colored hoUand curtains rolling from the bottom ; and the sash are 
hung upon metallic cords. The blackboards are plates of native slate 3 by 4 feet 
each, extending around the walls iu all the vacant spaces. The finish is of brown 
ash ; the ceiling of corrugated iron ; the walls of adamant plaster ; and the floors of 
birch. 

The heating apparatus consists of two large hot-air furnaces for the schoolrooms, 
and another for the halls and dressin grooms. The supply of fresh air is ample. It 
is received, on either side, into two rooms in the corners of the basement, each about 
6 by 8 feet and having windows oponing on adjacent sides of the house. A large 
conduit of galvanized iron conducts the air from the top of each of these rooms to a 
box leading to the bottom of the furnace. Passing into the bottom of the air cham- 
ber of the furnace, the air is warmed and it rises through a vertical brick flue some 
2i by 2| feet in horizontal section, and is delivered into each schoolroom through an 
opening at least 2i by 3 feet placed in the wall six or eight feet from the floor. By 
means of a damper, connected with this flue and controlled in the schoolroom, the 
hot-air flue may be partly closed and an opening made into the cold-air chamber ; 
and in this way the temperature is regulated without shutting off the supply of fresh 
air. From each room the air is exhausted through a similar flue leading to the base- 
ment. The opening into this flue is in the wall near the floor ; both these openings 
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aud thoae for the ingress of air are protected by wire screens with a mesh of about 
1^ inches, bat there is no means of closing them. Unlike the ordinary register, the 
wire screen obstructs the free passage of air bat very little. This flow of air is an- 
interrapted. The ventilation is continaous. These ventilating fines are connected 
at the bottom ^ith a large shaft extending through the roof. The upward current 
in this shaft is produced partly by the heat of the smoke-flne which adjoins it, and 
partly by a small stove or furnace at the bottom of the shaft. This stove is to be 
heated always in weather when the furnaces are not in use, and at other times if 
necessary to secure the draft from the schoolrooms. During school hours, the air is 
warmed, passed into the schoolroom, where it circulates thoroughly to every part, 
and out through the ventilators and the 6baft, at the rate of at least 30 cubic feet per 
scholar a minute. By an ingenious, patented, and perhaps unnecessarily complex, 
contrivance, there is a box through a part of which the cold air is passed into the 
furnace and through another part of which the vitiated air also passes from the venti- 
lating flues into the shaft ; and in this box a large damper is so arranged that hy a 
single motion or half-turn of a crank, the cold air is shut off from the box, and at the 
same time the air from the schoolroom is shut off from the shaft and turned into the 
faruace. Thus, at night and while the school is not in session, the air from the 
room may be circulated through the furnace to be warmed, and back again to the 
room. The hall furnace opens through reg^ters in the floor in both the halls and the 
dressing rooms — this for more conveniently warming the feet ; and the air from the 
halls supplies the furnace. Floor- registers are always bad, however, because of 
the dust from dirty feet. They are less objectionable in halls than in schoolrooms. 

The closets are in an extension of the basement beyond the building, on the back 
side. The vaults are of brick, fire-proof, and so constructed that they may be closed, 
all at once, by an iron cover at the top ; and they are connected by a brick flue, jit 
the surface of the basement, with the smoke flue. At the end of each is a grate in 
which a fire may be built occasionally, with the tops closed ; and the contents are 
consumed. The pavements of these closets are concrete or slate. The urinals are 
made of slate slabs set against the wall, slate partitions between the several com- 
partments, a gutter at the bottom leading to the vault, and an opening for ventila- 
tion downward, through which the air passes into the vault and up the smoke flue. 
Lavatories of the ordinary house pattern are provided for the teachers in dressing- 
rooms on each floor, between the schoolrooms, and adjoining the heating flues. This 
house is one of the most complete, if not the most complete, in all its appointments, 
as it is the newest, of any in the city. Its working has. been satisfSBustory, and in 
accordance with the theory, the past winter. But this winter has been unusually 
mild. There is no reason to think that it will not be equally satisfactory in the 
coldest weather. 

The cost of this four-room house has been (23,878.55, including (3,800 for the land. 

EXTENSIVE REPAIRS. 

Material alterations have been made at the Lamartine Street, the Ash Street, and 
the Belmont Street houses, by which the entire system of heating, ventilation, and 
closets has been changed ; and in each the method employed is different from the 
other. 

At Lamartine. street the improvements have been made upon substantially the 
same principles of heating and ventilation as at the new house described above. 
The air is heated by four furnaces with a very large area of heating sarfiioe ; it 
passes into the schoolrooms through vertical brick flues, in which a damper, oper- 
ated in the schoolroom by the teacher, regulates the proportion of warm and cold 
air and thus secures the right temperature. The openings are protected by wire 
screens, and they can not be closed. The ventilating flues have openings at the 
floor, and extend downward to the basement, beneath which they are connected^with 
the bottom of a ventilating shaft in which the air is rarifled by a furnace to create 
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the draft. The cold air in this house is taken directly to the chamber of the furnace 
from the ontside, instead of from a room in the basement ; and in each of these flues 
there is an automatic damper, a patented device, it is understood, by which too great 
pressure of air into the furnace is avoided when the wind blows. If the air is forced 
in too rapidly the flue is partly closed, or wholly closed for the moment, in case of a 
sudden gust. 

The sanitary appliances in this house differ from those at Quinsigamond in this re- 
spect ; that instead of a fire for burning the contents of the vault, there is a flow of 
water into the vault, regulated by a ball-cock ; and at intervals the contents are dis- 
charged into the sewer. The urinals have a trough made of a slab of varying width ; 
and they are ventilated at the bottom. They have no partitions to separate the sec- 
tioDS, and they are inferior to those last described. The ventilation of the vaults 
is through an underground channel into the smoke-flue, like the Quinsigamond 
hoase. There appears to be no provision for rotating the air from the rooms through 
the furnace, to be heated at night, as in the last-named school. A damper in the 
ventilating shaft, to be closed at night, prevents the motion of the air. 

The halls and corridors are hea.eil by the surplus warm air direct from the fur- 
naces, conducted in galvanized iron pipes of large size. The cost of repairs upon 
this house of twelve rooms, as per auditor's report, has been $8,375.72. 

The Ash Street house has been heated by indirect steam with a Sturtevant blower, 
run by a 10-horse power engine, to force the air through the radiating coil. The air 
passes into the several rooms through vertical brick flues extending from the base- 
ment upward between the schoolrooms ; and the openings into the rooms are at a 
height of 6 or 8 feet from the floor, as in the two last-named houses. The connection 
from the radiating chamber to these flues is made by galvanized iron conduits; and 
these conduits have two flues each, one for cold air and one for warm, with a damper 
controlled by the janitor * in the basement, to regulate the proportion of warm and 
cold air to be discharged into the room for regulating the temperature. YeDtilating 
flues of brick, built in connection with the hot air flues, opening into the room near 
the floor, and extending upward and out at the roof, provide means for the exit of 
air; these flues chiefly depend for their draft upon the pressure of air from the fan, 
or blower, into the room. Sheet-iron pipes deliver the fresh warm air into each of 
the dressing rooms. The air is taken from the outside into the blower through a 
screened window, about three feet wide by five or six feet high. New water-closets 
have been erected in a separate building in the yard, connected with the school- 
house, on the girl s' side, by a covered, and inclosed walk. The building is i>rovided 
with common earthen- waYe hopper closets, flushed from a single tank, all at once, 
by the janitor in the basement. The urinals are of slate, with slate partitions divid- 
ing the sections, and flushed at intervals by the janitor by means of a perforated 
pipe extending along near the top. This building is warmed by steain coils con- 
nected with the boiler. So far as appears, the ventilation is through the windows, 
the doors, and the monitor-top. The cost of repairing this six-room house has been 
$4,628.20. 

At Belmont street. This large house of 18 rooms was formerly heated by direct 
steam. In the old part, of 12 rooms, there were no means of ventilation except the 
doors and windows ; and in the addition of 6 rooms the ventilating flues, though 2 
from each room were built for exhausting the vitiated air near the floor, were in- 
adequate for that rapid movement of air which is required by late sanitary science. 
In the heating of this house the direct piping was allowed to remain for use in ex- 
treme weather, if it should be found necessary. An additional boiler was set up, and 
indirect radiating coils were located in brick chambers at convenient points, from 
which vertical brick flues of large section extend to the several rooms. The fresh 
air is supplied to these chambers as it is supplied to the furnaces in the Lamartine 
Street house ; and there is the same contrivance for regulating the temperature, by 



* It is always preferable for th§ damper to be controlled by the teacher in the school- 
room. 
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letting on more or lees of the co!d air ^ithont obstmctinji^ the ventilation. This is 
done by the teacher in each room. Ventilation is secured by means of a circular fan, 
7 feet in diameter, placed to revolve horizontally at the foot of a brick shaft. Each 
room is connected with this shaft through the floor, or near the floor, by means of 
brick floes or galvanized iron pipes extending to the basement, and commnnicatiDg 
with the shaft through a spacious brick passage in the basement. The fan is run by 
a separate boiler and a G-horse power engine. 

The water closets are located in a separate building in the yard adjoining the school- 
house and connected with both the basement and the yard. The closets are built 
above long vaults filled with water, as in tlie Laniartine Street house. These vaults 
were at fiist connected with the ventilating shaft ; and so long as the fan was in 
motion they were well ventilated ; but when the fan stopped at the close of school 
there was nothing to prevent the foul odors from the closets from passing into the 
schoolrooms. They are now ventilated through another flue heated by a separate 
stove. The urinals are similar to those at Lamartine street, described above. These 
closets are heated by direct steam. The cost of these repairs has been $12,267.36. 

REMARKS UPON THE VARIOUS METHODS OF HEATING AND VENTILATING. 

Though these four houses have been in use one winter, it is too early to judge of 
their relative merits. With the exception of a slight breik in the engine at Asli 
street, which interrupted the school a day or two, and the ventilation of the closets at 
Belmont street, which has now been made right, they have all worked well. In each 
case the tests repeatedly applied have shown an air supply equal to 20 or 30 cubic 
feet of air per minute per child, which is ample; and in all oases the air in the school- 
rooms is quite pure and free from all disagreeable odors. 

In order to apply tests to all the newly ventilated schoolhouses under all conditions 
and for a series of months, the committee on schoolhouses have purchased four or five 
anemometers or air-meters and placed them in the hands of the principals of the 
schools, with directions for their uniform use, and for similar records of the results. 

It will be observed that the principles applied in the heating and ventilation, and 
to some extent in the sanitary appliances, at the Quinsigamond and the Lamar- 
tine Street houses are identical. In the practical application there are variations. 
Both these houses are bnilt, in these respects, substantially upon the methods intro- 
duced the year before at Dix street, and before that at Ledge street and at Adams 
square. This plan is known as the Smead system. Its working has been entirely 
satisfactory in all the houses where it is in use ; and so far, none of the methods out- 
lined above have shown any superiority to it. Whether either of them will prove 
superior can be determined only by experience, and by comparison of the cost of 
fuel. Whether the furnaces at Quinsigamond which are smaller, or the larger ones 
at Lamartine street, which have never been used anywhere else, will prove more 
efiectivethan the Smead furnace, in raising a large volume of air to a moderate tem- 
perature ; and which of the three will prove the most economical of fuel and the 
easiest to manage, can be known only by trial, with equally careful and efficient jani- 
tors. Whichever proves to be the best should be introduced into the new houses to 
be built hereafter. 

The costly experiments with four methods of heating and ventilating schoolhouses, 
have placed the city in a position to know what is best ; and they have attracted the 
attention of committees from all parts of the country. It is not likely that five or 
six different plans, none of them without merit, can be seen in any other one place. 

There has been a difference of opinion as to whether a sufficiently rapid change of 
air in a schoolroom, to supply thirty cubic feet of air per minute to each of forty or 
fifty pupils, can be secured without some mechanical means. This has been done 
without machinery at Dix street, Adams square and Ledge street, and the past year 
at Quinsigamond and at Lamartine street. For very large buildings of irregular con- 
struction, and where the basements cannot be used for furnaces with direct vertical 
flues, indirect steam heat is undoubtedly the best ; and a fan is very useful to move 
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the air. Bat for ordinary schoolhouBes, if the radiating surface is large so as never 
to be overheated, the warm air furnace is more prompt, more direct, and more eco- 
nomical of fuel. Unlike a business block, a schoolhouse is in use only five or six 
hours a day. During this time the air within should be changed about once in fifteen 
minutes, and the temperature should be kept steadily at 68° or 70°. For the rest of 
the twenty-four hours the temperature may be much lower. Under these conditions 
the heat can be generated quicker and fuel and heat more easily saved when not 
needed, in a furnace than with a steam boiler. And ventilation can be secured by a 
heated flue as well as by a fan. The heated flue has this advantage that it will draw 
when the Janitor is not present ; while the fan has to stop if the engineer is away, or 
at the close of school ; and there are no conditions under which a flue will not draw 
if heated. The fan is not Sklv^ ays positive in its operation. If all the rooms are closed 
in a calm day, and if the ducts are of equal length and capacity, and the registers of 
the same size, a fan will deliver an equal quanity of air to each of several rooms in a 
given time; but if one of the rooms is opened, or if it is located on the leeward side 
of the house in a gale, or if its register is larger, then this room will receive from the 
fan a greater quantity of air than the other rooms. The same is tiue of an exhaust 
fan. The fan then depends upon favorable or uniform conditions for uniformity of 
action, just as much as the heated flue does. It is more expensive, more liable to dis- 
order, requires more care and skill, and does not work alone. It should not be used 
when the simpler means will do the work as well. 

The Salisbury Street house * was completed and occupied for the first time in Sep- 
tember, 1890. It contains ten rooms, all spacious and well lighted. The ceilings 
are of iron. The corridors are broad— almost too roomy ; and the house has an 
elaborate system of heating by steam and ventilation by means of a fan driven by 
steam power. In this house the system of exhaust ventilation has been introduced. 
From each room a flue extends to the exhaust-room from which the fan forces the air, 
thas withdrawing it from the room. With this system there is a practical diffi- 
culty : If a door is left open, or if there are cracks around the windows or elsewhere, 
the cold outer air is urged into the schoolroom. More air is withdrawn by the fan 
than enters through the heating-stacks. It has now been practically shown that it 
is much better to force the warm air into the room if a fan is used, as seems advisable 
in large houses heated by steam. In this case the surplus air which does not find an 
exit through the ventilating flues, passes outward through the doors when open, and 
through the crevices around the windows. The quantity of air received into the 
room through the heating apparatus would be in excess of that which passes outward 
through the ventilators, this excess finding an exit elsewhere. 

DIRECTIONS FOR JANITORS OF SCHOOL- HO USES, WORCESTER, MASS. 

(1) To sweep the entries, stairways, and schoolrooms, and brush out the chalk trays 
twice each week ; and to sweep the entries and stairways daily, when necessary. 

(2) To dust the furniture as often as the rooms are swept, and the windows, blinds, 
walls, and ceilings as ftequently as may be necessary to keep them in good order. 

(3) To wash the floors, doors, stairs, balusters, seats, desks, and other wood-finish, 
and to clean carpets during the summer vacations ; to wash the windows twice each 
year — once in the mouth of Aprii and once the last week in August. 

(4) To build fires whenever they are needed, and in season to have the room suitably 
warmed at the time for opening the schools. Where the buildings are heated by 
steam the janitor is not to leave the building during the school session without noti- 
fication and consent of the principal of the school ; to give attention to the fire 
during the day, and to visit the schoolrooms as often as necessary to see that they 
are properly warmed and not overheated (68 to 70 degrees being the proper temper- 
ature) — these visits to be at least once in each school session, and at such hours as 
may be agreed upon, unless excused by the principal of the school. 

(5.) In buildings heated by furnaces and provided with a system of ventilation, 
Janitors are to remain in or about the building, and are not to leave during the 
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Bchool seBsion (m per paragraph 4); and under ordinary circarastanoes the cold-air 
boxes most be kept wide open for the admission of outside air; in case of very high 
winds it may be necessary to partly close the slides, bnt this is to be regarded as ex- 
ceptional, and must not be practiced habitnally. 

(6.) When the buildings have no special ventilating apparatus the furnaces are 
pot to be left while the drafts are open ; and in buildings of more than four rooms, 
the janitors are to remain during the school sessions. 

(7.) They are to see that the receptacles for water are kept full. 

(8.) Where stoves are used, fuel sufficient for the day .must be carried to the my- 
eral rooms. Where steam-heating apparatus is used it shall be kept clean and in 
good order. Boilers shall all be blown off as often as necessary, and the tubes cleaned 
once each week. The safety valves should be tried every day, and all other valves 
kept properly packed. Ashes shall ba drawn from under the boilers each day. 
Janitors of buildings heated by steam will be held responsible for the safety of the 
pipes from freezing. In extremely cold weather they must take unusual precaution, 
either by remaining during the night or until satisfied of the safety of the apparatus. 

(9.) Janitors must keep themselves informed in regard to the condition of the 
heating apparatus and give immediate notice of any possible danger arising there- 
from. 

(10.) It is not required that fires shall be kept up on holidays or during vacations, 
except enough to protect the apparatus. 

(11.) Hot water only to be used in thawing steam or water pipes. 

(12.) Janitors shall remove the snow and make paths in the yards leading to the 
several entrances, and to the outbaildings, and shall pile the snow in a place moat 
convenient for its removal, if necessary ; and shall sprinkle sand or ashes upon the 
walks when in a slippery condition. 

(13.) To use the fuel economically ; to screen the ashes, and to burn the screenings 
on the fires. 

(14.) To shut any windows that may be left open at the close of the school session, 
and to keep the windows, outside doors (including those of the outbuilding), and 
the gates locked except during s/^ool hours. 

(15.) To take every precaution to avoid accidents from fire. 

(16.) Janitors shall maintain a general supervision of the estates during vacation. 
When workmen are employed on the premises, or when fuel is received, they are to 
see that none of the property is misused or taken away. 

(17.) No person not sonnected with the schools shall be allowed on the premises 
without permission from the superintendent of public buildings, or the principal of 
the school ; and smoking in or about the buildings is prohibited. 

(18.) To notify the superintendent of public buildings whenever repairs are needed 
upon the buildings in their care: but janitors are expected to make good small 
defects around their schoolhouses when such can be done in less time and to greater 
advantage than by giving notice to the superintendent. 

(19.) To do such other work as properly belongs to the office. 

(20.) Whenever a vacation occurs of a week or more, janitors shall see that all 
movable property, such as maps, globes, charts, etc., is securely locked up. 

(21.) Janitevs, in the performance of their dutiei^ are nnder the direction of the 
principals of the schools, and of the superintendent of public buildings, under the 
direction of the joint standing committee on public buildings. 

(22.) Substitutes for janitors must be approved by the superintendent of public 
buildings ; and only in cases of emergency will the employment of an unauthorized 
person in the place of a janitor be allowed by the superintendent. 

(23.) Principals are requested to report monthly to the superintendent of schools 
upon the conduct of their janitors, and he will notify the suberintendent of public 
buildings of any neglect or inefficiency. 

Approved by the School Committee. 

WoRCE6i*BR, NovemheTi 4, 1890. 
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rooms and a teacher's room, which are connected together by a long corridor in front. 
Separate wardrobes for girls and boys lead from this corridor into the schoolrooms, 
and are used for the entrance and exit of the pupils. The schoolrooms are indicated 
on the plan by the rows of desks. The room shown without desks is for the priDci- 
pai of the school, and can be used for the recitation of classes when necessary. 

The central part of the building is 140 by 46 
feet, and will accommodate 228 pupils iu the three 
rooms. This design requires that the building be 
of brick, with a stone basement up to the line of 
the top of the water table. The belts and pilas* 
ters are of brick, and the copings on gables of 
stone or terra cotta. This roof may be slated or 
shiugled. 

The site fur the building and the ground im- 
mediately surrounding it should be well drained, 
and drain tile should be laid outside the footing 
stone on all sides of the building, with a slight 
inclination to the point of the outlet. The fonu' 
dation walls should be laid with cement mortar 
up to the line of water table. 

The bottom of the cellar should be covered with 
small stone spalls or clean coarse gravel, to a depth 
of at least 4 inches, and then grouted with liquid 
cement. When the grouting is set, the floor should 
be finished with a coat of Poi-tland cement at least 
1 inch thick. 

The plastering on the walls should be sand- 
finish, floated ofi' straight and true, and rounded 
into the frames on the jambs of the windows. No 
wood casings are used. The plastering should be 
continued down to the floor, full to the face of the 
grounds for wainscoting. The ceilings should be 
finished white, with the usual hard coat. 

The floors should be of maple or other hard 
wood, dressed and matched, not over 2^ inches 
wide on the face, and smoothed off after being 
laid. 

All the corridors and schoolrooms should be 
wainscoted from the floor to the height of the 
FIG. 2.-De8ign 9. floor plan. window stools. The wardrobes should be wains- 

coted 6 feet high from the floor, and all flushed with a neat capping. Back of each 
teacher's platform is the blackboard, and the top of the wainscoting below the 
blackboard is finished with a shelf for chalk. 

The teacher's platform should be located as on the plan, so that the rays of light, 
will be over the left shoulders of the pupils as they face the teacher. 

The building can be heated by means of two furnaces, using the center flue in each 
stack for the smoke flue. The stacks are shown on plan, located between the ward- 
robes at each end of the building. The two remaining flues in each stack are for 
ventilation. The warm-air flues are carried up in the walls between the rooms, 
which they may enter through registers above, at, or near, the floor. A sufiicient num- 
ber of registers will be inserted in the floor, equally distributed, in each room, and a 
foul-air duct connected with each of these and the main foul-air duct. This last 
duct is connected with one of the vent flues in the stack, and extends along the 

NOTB.— This house is not compact. The cost is too great for the accommodation. The admission 
of warm air is not on correct principles, as ontlined above ; and there is no provision for water-olosota. 
A. P. M* 
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MQing of the baBemeot to a point necessary to receive all the brancli dacta from the 
ngiatera in the doors. 

The oapaoitj of the main duct ahonld be fully equal to the combined capacity of 
all the branch ducts which it teceivee. All the fonl-air dncts shonld be made M 
nearly air-tight as poHsible. 

The imporlant consideratioa in this branch of the work is to provide inlets for 
fresh air and outlets for fonl air, both of Bufficient capacity to insure a complete 
cbsngeof the air in the room lii the shortest time poeaible without prodncing a per- 
oaptible draft. The capacity of the foul-air ducts shuald always exceed that of 
the &e«h-atr ducts. 

The eleventh design, fatnisbed bf H. C. Koch & Co., architects, of Milwaukee, is 
ofabaildiug t« be erected in a small city or popnloas village.. It is two stories high 
and contains four schoolrooms and two teaobars' or recitation rooms. The latter 
■re each 16 by 18 feet in the floor area. The npper atory is a repetition of the lower 



one, as indicated on the plan, and each should be 14 feet in height. The main por- 
tion of the building is 67 by 45 feet at the base, and the wing, not inolading the 
porch, is 26J by 'Mi feet. 

Both brick and wood are required iu the construction, The ftont gable above the 
first story is frame, as are also the end gables from the line of the eaves, and the 
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renuiinder of the oatoide walk, as well as the inside ones, -are boilt^f brick. The 
frame portions of the gables project over the walls below and are finished with 
shingles. The end gables are in imitation of timber work. The style of the build- 
ing, while unnsnal, is plain and very attractive. The cost of erection is by no means 
greatly increased by the new features. The method of shingling portions of the oat- 
side walls, employed in this design as well as in some others in this circular, is a 
return to the plans used in this country over a hundred years ago. Such a covering 
is found to be warmer than clapboarding and to wear much longer. Besides it gives 
a picturesque effect to the building. 

See description under ninth design for the construction of the foundation and 
cellar, and for the finish of the inside throughout. 

Each schoolroom wjll accommodate 60 pupils, seated at single desks. The separate 
wardrobes for the sexes and connected with each room furnish all needed facilities 
for depositing the clothing. Through them the girls and boys enter and leave the 
room at different doors. The extra room on each floor for the teachers or for the 
recitation of small classes will prove very desirable additions. 




Fig. i.— Design 11, first and second floors. 



The grouping of the principal windows at the side of the study rooms is in con- 
formity to the established principles for the wholesome admission of light. In 
one-half of the building the light is received on the right side of the pupils. This 
is more advisable than to require them to sit facing the windows at the rear end of 
the room, or even the blank wall at the side, with a very large share of the light 
streaming over their backs upon their books or papers on the desks. 

The twelfth design was prepared by Messrs. £dbrooke &, Bnrnham, architects, 
of Chicago. It presents the appearance of a solid, enduring, symmetrical, and im- 
posing structure. Its external embellishments are few and simple, and therefore 
adapted to its general style. It would be an ornament to any village or city. 

The outside walls of the basement are built of stone, 18 inches in thickness, and 
its partition walls of brick, 8 inches in thickness. The exterior walls of the first and 
second stories are brick, 12 inches in thickness, and the partition walls are wood, 
with studding varying in size for the places it occupies. The height of th^ basement 
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in the olear between joists isTTeet 8 iocbes; of the first aioTj, 13 feet 3 inch ea ; and 
of the fiecond story, 14 feet 3 iaches. The aeetional area of the house, meBsnred at 
the base of the first ator;, is 41) feet 6 inches hj 52 feet. 

The building fiiroialica tlio nsiiul coDvenienees for corridors, pupils' wardrobes, 
teachers' or recitation rooms, and apartments for stndy. Two qnite spacions rooms 
Hie set apart in the baacmeut as play rooms for girls and boys. These can be used 
in wet or stormy weather, or in places where no safScieut playgrounds can be 
provided in the school yard. Each schoolroom will accommodate 35 pnpiia at single 
Aeika, or very comfortably 42 pupils »t double desks. Each of the former nnruber 
wodM have 19.7 square feet of floor surface, and of the latter almost 16.5 square 



Fio. 6.-De9tgDl2, fVont elevation . 

feet. If small children should occupy the rooms on the first floor, one row of seven 
single desks could be added to each room with the double desks, aud in it 49 papile 
wonld then be seated and each have slightly over 14 square feet of floor space. 

The crowning feature of this schoolhouse consists in the arrangements for the 
ventilation of all its parts. A more complete and perfect application of the Rnttan 
system to a school building has never before been devised. In this design it has been 
eCTected under the immediate direction of Isaac D. Smead, the able representative of 
this system. The accompanying plans and sections exhibit tbe details of the arrange- 
ments for the heating aud ventilation of the building. 
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Imin«diAt«1y andemeatlk the platform of the froot steps, aa Men ontheloiigitDdituil 
Motion, is the fresh-air chamber, connnnnicating with the ontdoora throagh windows 
coraind with heavy wire screeiia. From this cbamber a fresh-Bir doct leftds nodei 
the large sized fontace, as showD in the basement of the loogitodinal section, which 
is made on the line A B. The heated air enters through sbort floes into the conidof 
kud directors' or recitation room on tbe first floor, and warms also the etairwa; and 
the coiridoT on the second floor. The wardrobes on both floors conld be partially 
wanned b; opening the doom from the corridors. The recitation room on tbe second 
floor ia supplied with air from the fnrnoce throngh a small flne in the partition below, 
which Is bnilt of brick. The fonr schoolrooms reoeive tbiii air throngh a central flne, 
in whteh a dMnper legnlates the snpply for the first floor. 



Fig. «.— DeBijin Ji, laft side elevitian. 

Tbe foul air is eihunatod from the recitation and school rooms throngh the perfor- 
ated iron bases nnder the windows; passes nnder the floors between the joists; 
descends through tbe partitions between the studding, as indicated in both the 
longitudinal section and the tranBverse one for the fonl-air gathering room, and is 
drawn throngh the privy vaulta iuto tbe ventilating shaft, which is 3} by 4 feet on 
tbe inside. Here a powerful draft is produced from tbe air forced into it by the 
action of the furnace and by the beat anpplied by the aprigbt smoke pipe in tbe 
shaft. 

Tbe constrnction of tbe separate privies for girls and boys is shown in the baM- 
nient plan and in the smaller transverse section. The eicrementitioua discharges fall 
from tbe Mats into tbe vaults beoeatb, which are each 4| feet deep and 17 inches 
wide. The contents from the urinals in the boys' privy are emptied throngh a pipe 
»t the foot of the ventilating shaft. Tbe exhausted air, as it passes over these dis- 
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Fio. 7.— Design 13. loDeitodfusl u 



iriryraalu, and faalolr i 
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cbargeB into this shaft, rapidly carries away the watery vapor and the gases pro- 
dnced by their decomposition, and thoroughly dries them. Only abont one-sixth of 
these faeces by weight remains in the yanlts after being snbjected to this process; 
and this residuum is, easily and with no offensive odor, shoveled occasionally into 
baskets and carried out of the building. The practicability of this arrangement can 
not be questioned. It has been tested with complete success in private houses and 
institutions of learning and the testimony is that no impnre air, even in the sam- 
mer season, rises from the vaults and penetrates the apartments of the houses. It is 
at that time also withdrawn through the ventilating shafts. 




Fio. 9.— Design 12, basement plan. 
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Fio. 10.~-Design 12, first floor plan. 
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Fig. U.— Design 12, second floor plan. 



\ 
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Five-room gcftaalhoMe.— The only design with this namber of aohoolrooma is fuand 
b«low. It was donated by Messrs. Edbrooke iind BnrDham, architects, of Chioago, 
lUinoia. It was first prepared by tbem for tbeacbool distriot in the Tillage of River 
Falls, Wisconsin, where the erection of the building was completed in 1890, aC a cost 
of (12,000. This does not include any of the heating apparatus or the fninituie. 

It is tmlj a magnificent structure, strikiug in appearance, commodious in all its 
arrangements, and corresponding in very many points to the host recognized princi- 
ples of scboolhouse architecture. It stands on a slight eminence facing the south. 
It has aeparat« entrances on the sides for girls and boys, and accommodates in its 
schoolroomB 075 pupils, in the three gradfs of a public school. 



Fio. 12.— De^gD 13. penpectiTe view. 

Sbonld n fira ever occur in the house affecting either stairway, the school can read- 
ily escape from all the rooms through the other stairway. Passage Is easily made to 
the different portions of the house through the corridnrs and the stairways, and to 
the ontbuildings in the rear by means of doors in the back euds of the entrance halls. 
The front doors could be set, without injury to the architectural appearance of the 
house, so far within these balls that the steps for entrance could be placed in them 
under oorer. It will beobserred that all the doors by which the pupils enter tbo 
bnilding and the rooms on the first and second floors open outwards. 

The Rattan system of heating and veutilating is in operation in this building. An 
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kdmirable feature of tbissyBtein is the locatiOD of the emok* and ventilating ebafl in 
tbe center of the honge, where it« walls are not cooled by eipoanie to the external 

The height of the hasement stoiy is 8 feet fl inches in the clear; of the first etory 
14 feet 5 inches ; and of the second story, 16 feet 4 inches, and 14 feet 3 inobes. Tbe 
beight of the tower and other parts of the bnilding are aa shown In the penpeotlve 
and section. 



— De^jcn 13, loajtitadinal aectioii. 



PLANS OF 8CH00LH0USES — WISCONSIN. 



109 




Fio. 14.— Design 13, basement plan. 
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Fio. 15.— Design 13, first-floor plan. 




Fig. 16.— Design 13, second-floor plan. 
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DESIGNS FOB SCHOOLHO USES.^JREPBOD UCTION OJF WORK ISSUED JULY, 
1888, SHOWING DESIGNS ACCEPTED BY THE DEPARTMENT OF PUBLIC 
IN8TBUCTI0N OF NEW YOBK.* 

introductory. 

Statk of New York, Department of Public Instruction, 

Superintendent's Office, Albany, June 15, 1888. 

Chapter 675 of the laws of 1887 authorized and directed the State superintendent 
of public instruction to procure architects' plans and specifications for a series of 
school buildings ranging in cost from ^^600 to (10,000, together with full detail work- 
ing plans and directions for the erection of the same. It also directed him to accom- 
pany them with blank forms for builders' contracts and with suggestions in relation 
to the preparation of the grounds and the arrangement of the building with reference 
to lighting, heating, ventilating, and the health and convenience of teachers and 
pupils, and then to publish the whole in convenient form for distribution to trustees 
and others having use therefor. 

Acting under this statute and with a desire to carry out its manifest purpose to 
supply school officers with the most modem and artistic plans or designs for the erection 
of low-priced schoolhouses, as well as with the latest and fullest information upon 
the general and important questions relating to the carrying out of the same, the 
State Superintendent, by circular dated September 20, 18ej7, invited the architects of 
the country to present in competition plans and specifications for school buildings of 
different sizes and cost, and used a portion of the sum appropriated in said act for the 
purpose of providing prizes for the most meritorious designs. 

Designs were invited for any or all of the following-described buildings : 

Frame building to cost not to exceed (600, to accommodate from 20 to 40 pupils in 
one schoolroom. 

Frame building to cost not to exceed (1,000, to accommodate 40 to 60 pupils in one 
schoolroom, or two if a temporary division can be arranged. 

Frame building to cost not to exceed (11,500, to accommodate from 60 to 100 pupila 
in two schoolrooms. 

Frame building to cost not to exceed $2,500, to accommodate from 100 to 120 pupils 
in two schoolrooms. 

Frame or brick building to cost not to exceed f 5,000, to accommodate from 120 to 
175 pupils in three schoolrooms. 

Brick building to cost not to exceed $10,000, to accommodate from 175 to 250 pupils 
in four schoolrooms, and to have an exhibition hall. 

Two prizes were offered in each of the above classes : To the designer of the best 
arranged and most complete building in classes 1, 2, 3, 4, and 5, respectively, the sum 
of $100, and to the designer of the next best in each of said classes, the sum of $50; 
to the designer of the best and most complete building in class 6, the sum of $150; 
and to the designer of the next best, the sum of $75. The right was reserved to make 
no award in any class where the design presented was not sufficiently meritorious, in 
the judgment of the committee, for the use indicated. 



For plans, see page 123 et seq. 111 
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Ex-State SaperiDtondent William B. Buggies ; Prof. J. W. Kimball, president of the 
State Teachers' Association ; Saperintendent Charles £. Gorton, president of the State 
cooncil of superintendents; Principal E. H. Cook, of the Potsdam Normal School; 
Dr. George A. Bacon, representing the Associated Academic Principals ; Willis B. 
Hall, school commissioner of the second district of Chenango Coanty, and 3ir. Albert 
W. Fuller, architect, of the city of Albany, accepted my invitation to act as a com- 
mittee to examine all designs submitted and to award the prizes. The report of the 
committee is submitted herewith. 

It was stipulated that all designs submitted should become the property of the 
State, with the right to publish meritorious designs which did not receive the highest 
commendation of the committee, giving designers in all cases proper credit for author- 
ship. 

The movement prop osed was undertaken in the hope that it would result in more 
attractive and comfortable low-priced schoolhonses in this State. For reasons which 
will appear obVious upon reflection, there has heretofore been but little done in thia 
direction. At the popular centers the buildings are generally fair, and when new- 
ones are erected they are ordinarily very creditable. But outside of the large com- 
munities many of the buildings are truly wretched, erected without any idea of 
architectural effect, and entirely regardless of those matters upon which the health 
and comfort of the pupils mostly depend. Old buildings, in a shameful state of decay, 
are continued in use year after year. When new ones are erected it is considered 
unnecessary or too expensive to employ professional help, and so the best results are 
not secured. We are endeavoring to arouse and e ducate public sentiment upon the 
subject. We are telling the people that the health and eyesight and comfort of 
teachers and pupils are worth caring for. Wo are striving to impress upon them the 
fact that neat and wholesome buildings in themselves exert a strong moral and educa- 
tional influence. It is believed that we can do this most effectively by placing in 
their hands the mout meritorious designs, the latest information, and the best helps. 
Showing them just how to do a good thing will accomplish more than simply telling 
them they ought to do it. * * * 

A. S. Drapeh, 

State Superintendent, 

SCHOOLHOUSE GROUNDS. 

To the ordinary observer the country schoolhouse presents little that is pictur- 
esque or restful to the eye ; often more that is suggestive of dilapidation and a gen- 
eral lack of attention to repairs and a proper maintenance of the structure itself. 
The grounds surrounding the building are entirely neglected, presenting altogether 
a picture as uninteresting as the country affords. 

The house is largely located with reference to the center of population and its 
accessibility to the children of the district. The topographical features of the site 
are not especially considered, but a location near the intersection of the country 
roads or a convenient one on the highway is generally preferred. The structure is 
without architectural merit, the grounds are worn bare, and the absence of tree and 
shrub makes still more dreary and uninviting the general aspect of the building and 
its surroundings. 

Is it a wonder that the children go reluctantly to school and run away from the 
locality as soon as they can ; that they are careless as to the condition of their sur- 
roundings and of the school property ; that they destroy the turf and make bats and 
shinny-sticks of any isolated fence picket or small tree in the vicinity f They are 
not allowed to play tops in their sitting rooms at home or marbles on their dining- 
room tables. Can the children be taught to respect, take an interest in, or care for a 
lawn, tree, or shrub, if introduced as an embellishment to th« immediate surroundings 
of a country schoolhouse, when such a treatment of a portion of the grounds would 
seem to conflict with the impetuosity of their movements or their rights as players of 
shinny, baseball and marbles ? 
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This resolt has been acoomplished in cities where the population is more dense, 
and occasionally in the conntry, by affording ample opportunity and space for such 
games at a point not too remote from the school building and restricting the children 
to this locality for such sports. 

It is evident that it is impossible to maintain a lawn or turf where shinny, marbles, 
baseball, and similar games are permitted. On the other hand, we should be loath to 
sacriiice the pleasure and health of our children for a bit of lawn or the pleasing 
effect of a few shade trees. Can these conflicting elements be harmonized? Can we 
let the children play and still have some grass and shade and inviting grounds 
around our country schoolhonses t Where children and grown people as well find 
neglect and want of care the mlCi they are apt to reciprocate in kind, and become 
careless. One is inclined to be a little more circumspect in his outward behavior, 
surronnded by objects of value and comfort at home, than on a barn floor. A whole- 
some restraint is educational and beneficial in its effects. If ample facility is afforded 
the children for games and they are not permitted the use of that portion of the 
grounds improved, the teachers could soon interest them and teach them to respect 
the locality. 

If in the spring and fall an arbor day was selected for the planting of such material 
as might be selected for the purpose, and the children given a holiday to assist in 
the work, an interest in the condition and growth of the trees would soon be devel- 
oped that would not be restricted to the schoolhouse grounds, but extend to the 
wayside and the homes of the children. How can this be satisfactorily accomplished 
and how are we to go to work to obtain this result t In a general way as follows : 

Select a proper site, build a commodious, comfortable, and neat structure, surround 
it by grounds of sufficient size to offer some opportunity for embellishment, apart 
from the utilitarian requirements of the children, and afford them ample space for an 
nnlimited indulgence in games away from the immediate surroundings of the school- 
house. The selection of a site is vital to picturesque effect, and a sufficiency of 
g;round essential to the development of such a scheme. The exposure of the school- 
bouse with reference to the sun and the prevailing winter winds is an important 
factor tending to the comfort of the children, and the topographical features of the 
site are equally important elements in solving economically the questions of drainage 
and the treatment of the grounds. 

Select a site, therefore, that is convenient to the majority of the children attend- 
ing school, one somewhat retired and sufficiently removed from the street or high- 
way to afford a sense of seclusion and freedom from noise. The ground should be ele- 
vated and removed from unsanitary influences or surroundings. Face the house to get 
plenty of sun, and locate the site, if possible, with reference to the protection afforded 
by a natural forest growth on the north and west exposures, and when this can not 
be secured protect this side by evergreen planting. Give protection from the summer 
son by detached grouping of deciduous trees sufficiently near to afford shade. Set 
apart an ample space for the children's playground at a convenient distance on the 
east or west side. Make the approaches to the building of ample width to facilitate 
a rapid depletion of the grounds in front, and treat this exposure simply as a lawn, 
relieved by detached grouping of trees or shrubbery, as the extent of the lawn sur- 
f&oe may determine. 

The necessary outbuildings should be properly screened with evergreens. The 
location, exposure, and topography will determine the plan of treatment, so that an 
arbitrary ground plan would not be applicable in every case. Suitable evergreens 
for protective screens or for shutting out objectionable features or views can be gen- 
erally secured in the country where the white pine, Norway spruce, hemlock, and 
arbor-vitsB are indigenous to the locality ; and deciduous trees, such as maples, oaks, 
ash, beech, and dogwood, with many desirable native shrubs, can often be found 
among the second growth on the hillsides, the open borders of woods, or along neg- 
lected fence lines. Unless an intelligent supervision, however, is given to the 
selection and removal of such specimens of native growth, the result of such planting 
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is usually a failure. Nursery-grown stock is cheaper, and the immediate results are 
more satisfactory. 

Generally speaking, both evergreen and deciduous planting meets with better 
success in the spring than in the fall. Especially is this the case when the holes are 
dug in the fall, filled with good loamy soil, and this allowed to become mellow before 
planting the following spring. A better and choicer selection of planting material 
can, of coarse, be obtained from the nursery, and where this is resorted to a selection 
can be obtained differing essentially from the field or native stock in form and color, 
thus overcoming the objection to a repetition or monotony of planting. Generally, 
nurserymen of established reputation are willing to select such material as would be 
desirable when sufficient data are famished them bearing upon the subjects of 
climate, exposure, character of soil, and the scope of treatment. 

These suggestions, thoagh somewhat vague, and not especially detailed in char- 
acter, it is hoped will tend to awaken a spirit of reform and improvement, so far as 
the condition and treatment of suburban and country schoolhouse grounds are con- 
cerned.— TTm. S. Egerton, 



School Outbuildings. 



LOCATION. 



The schoolhouse should, if possible, be so located that there shall be a yard in the 
rear, divided by a tight fence 7 feet high extending from the hoase to the rear line 
of the school lot. The laws of the State, as well as all rules of propriety and decency, 
require that every schoolhouse shall have an entirely separate outbuilding for each 
sex. It is usually far better and safer that they should not be under the schoolhouse 
roof. In addition to the separating fence each outbuilding should be inclosed by a 
high tight fence, the gates of which are kept closed when school is not in session. 

If possible, let each outbuilding be connected with the schoolhouse by a covered 
walk with latticed sides as a protection to the children in stormy weather. (See 
Fig. 1.) 




Girls*. 



Plans. 



Boys*. 



Fio. 1.— J., covered walk; B, lattice fence; O, tight fence 7 feet high ; 2>, closets, each in separate 
compartment ; E, arinals under cover and separated by partitions; F, gates for removal of contents 
or receptacles ; O, board fence ; J7, doors ; /, closet seats. 
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Fol plan foi dUconnected ontbuildiagB and yards, aec Fig. 2. 



T 







BENEATH THB BUILDINGS. 



Tanlts are nncloanly, and the gise which they getierate pollnte the air, and are 



not only offenaive, but da g 
t«ntB have, in nilmerons t 
Vanlts should never be t 1 t d 
a supply of water can b h d, th 
tbe reach of frost, beneath the sea 



B dea, by iadltratioa through the soil, tbecc 

B hed wella, and thua spread fatal diseases. 
Vi h connection can be made with a aewer, and 
t t plan is to lay a 6-iiich iron drain-pipe below 
s of the closet, esteudiug the whole length of the 



bnUdlng. Let an upright pipe of 4-inch iron be connected witb the above-men- 
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tioned main, aod extend npward and conneot with an eaameled itod hopper. Water 
is bcoDght from the cellar of the achoolhoase b; an iron pipe which extends up to 
the top of the bowl or hopper. Water sboald be kept running durintc the time when 
the cloaeta are liable to be aaed. This will prevent the adherence of an; subBtanca 
to the anrface of the bowls. 

The iron leader carrying the water from the roof of the olOHetB should enter the 
npper end or bead of the drain pipe under the seats, that every rain may aid in wash- 
ing ont the sewer pipes. All joints of the drain pipe should be leaded, and a trap set 
to prevent any odors firom coming iuto the closota from the sewers. This trap should 
be ventiUted, as shown in Fig. 2. The wat«i pipe shoold be so laid that there shall 
be a good descent all the way from the top of the bowl to the cellar drain, that when 
the water is shnt off it may run back and out before it freezes. 



no. Z. — Beotiou ol olout ahowlDK amuigemaut (or dmb (i;8(«m. A, Blncb Iroo drai 
with M««ii i>, tnp; O, vent pipe^ D, enuueled iron flualilce hopper i £, aeMe^ I', paitiUma; 
Q, i»t«T mppl; pipes i B, Iron leader from roof; t, t-lnch iron ODtlet pipe- 
When oloaete are constructed as above described, they give no trouble, even in the 

winter. The arrangement of the pipes is also shown in Fig. 3. 

R4RTB CLOSETS. 

When a sewer ia not acoesaible, the best and cheapest receptacle is the earth closet. 
Constmct a plank box 32 inches wide, IS inches deep, and as long as the bnllding. 
This may be set npon the surfaue of the ground, or let into the ground 6 oi 8 inches. 
It shonld be so placed as to extend only about 2 inches under the riser (front support 
of the seats in the closet). It will then project about IS inches back of the bnildiog ; 
cover this projection with a slanting door hinged to the back of the building. 

Dry earth or ashes should be thrown in daily. Plant several elm or willow trees 
near the building, to take up the liquids whioh will, to some extent, pass out of the 
bos into the soil. • 

Dnring the winter salt should be frequently thrown into the box to prevent the con- 
tents fh>m beoomtng frozen to such an extent as to preveut removal. By raising the 
lid in the rear the contents can be readily shoveled intu a cart oi wagon. Gardeners 
will gladly remove the contents without charge. 
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The aboye arrangement is mnch cheaper than a Yaalt, is safe, and is easily man- 
aged at small expense. (See Fig. 5.) 




Fig. 5.— Section of urinal shed, ^.end of nrinal; B, partition; C, D, S, F, nrinal shed with oom 

partment partitions. 

CLOSET BUILDINGS. 

These are best bnilt of brick, though wood is more commonly nsed. They shonld 
always be partitioned into compartments (see Fig. 1), each large enough for only one 
person. Each of the two buildings, required by law, shonld have three or more com- 
partments, though Id the case of a very small school two compartments may be sof- 
ficient. For every schoolroom seating forty or fifty pupils there should be at least 
two compartments in the closet for each sex. The seats should be large enough for 
only one person ; the compartments or sections should not be more than 2 feet 2 
inches wide. £ach shonld have a separate door, which can be closed by the pupils, 
but can not be fastened on either side. These doors should be locked as soon as 
school closes at night and opened only a short time before school begins in the morn- 
ing. The partitions between the compartments should extend from the floor to the 
roof. (See Fig. 3.) 

The distance from the front of the closed door to the seat should be 3 feet. Let the 
seats be graduated in height, according to the ages of the pnpils. For the youngest, 
seats should be not more than 10 inches high. The inside of the riser, supporting the 
front of the seat, should be lined with zinc, or it will soon become saturated and very 
oflfensive. It is folly to slant the seat or to place any obstruction above it. 



URINALS. 

One of the most prolific causes of the outrageously filthy condition of boys' out- 
buildings is the lack of proper urinals. These should always be constructed of some 
nouabsorbing material, as enameled iron, for which boards lined with zinc are a fair 
substitute. They must be under shelter, and to secure proper privacy there is here 
also the same need of partitions as in the closets. There should be more urinals than 
closet compartments. 

In case of closets connected with a sewer, as previously described, the partition of 

the closets extends back about 30 inches, 

and the roof is continued back sufficiently 

to cover them. The urinals are here made 

of enameled iron, the lowest point of each 

being at its center; i. e., they are shaped 

like an elongated hopper. An inch lead 

pipe leads down from the lowest point and 

enters the upright drain pipe under each «,^o^. *ixvv -ii 

__ *^ . - \^ -, ^^ ^ Fig. 6.— Section of cloBet, showing how urinal may 

seat. The openings from the bottom of y^ ^^j^^ ^^ outiet of bowL A, hopper; J8, 

the arinals should be covered by a piece seat; C, urinal; D, compartment partitions; S, 

of coarse brass wire cloth, to prevent stop- water supply pipe ; JP, partitions. 

page by any solid substance thrown therein . 

In summer it is well to keep on the wire screen several pieces of copperas as a disin* 

fectant. All boards liable to become saturated with the liquids should be covered 

with zinc. (See Fig. 6.) 
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In case of eartb closets, let properly covered and partitioned urinals be built in the 
rear of the closet next to the inclosing fence. A drain shoald be so arranged as to 
conduct the liquids into the soil for some considerable distance, there to be appro- 
priated by trees and grass. The joints of the tile should not be cemented. The 
building should be painted within and without. 

While vaults ought never to be allowed to exist, yet they may be rendered more 
tolerable by pouring in, every week during warm weather, a pail of water containing 
four pounds of dissolved copperas and an ounce of crude carbolic aoid. This solution 
should be poured into drains quite frequently during warm weather. 

The trustees, having put the outbuildings in proper condition, should hold the 
teacher to a strict accountability for their preservation. The first soiling or pencil 
marking must be removed immediately, as it is far easier to keep closets scrupulously 
clean than in a half-cleanly condition. 

The law requiring separate closets for each sex,* and that they shall be neat and 
clean, is explicit, and the penalty for its violation severe. If the closets are properly 
constructed, are made neat and cleanly, and are inspected daily by a teacher who is 
determined to succeed in this matter, and who can create a proper sentiment among 
the pupils, the great disgrace of filthy and obscene outbuildings will speedily disap- 
pear from our school grounds. — H, B, Sanford, 

Ventilation. 

There is no one thing connected with the economies of school life that is worth so 
much and costs so little as proper ventilation. Many schools are pronounced inferior 
(and rightly so), and many teachei-s oftentimes fail in the proper education of such 
schools, because the physical conditions upon which all mental development is based 
are wanting. Nothing adds more to the enjoyment of life, nothing is more absolutely 
necessary for mental work than pure air and an abundance of it. A schoolroom fitted 
for children to occupy must have two essential provisions. There must be an ade- 
quate supply of pure, warm air, and the foul air must be removed in order to give 
place to the pure air. This must be done in such a manner as to prevent all drafts 
that will endanger the lives of the children. Without stopping to give reasons for 
certain necessary arrangements, it is proposed to suggest simple plans: 

In building an ordinary single-room district schoolhouse, a brick fine should be con- 
structed, at least 2 by 3 feet in the clear; this flue should contain within it an 8-inoh 
heavy iron pipe, placed in the center and extending fully 2 feet above the top of the 
brick flue ; the brick flue should extend down into the basement, and directly under 
the floor should be connected by means of pipes with two or more registers placed in 
opposite parts of the room directly in the floor, being careful not to place them under 
the seats. These registers should be at least 16 by 20 inches, and after the fire is 
built in the morning should always be open. When the fire has been burning suffi- 
ciently long to warm the iron pipe, -there will be an upward current of air in the 
brick flue, which will at once begin to exhaust the vitiated air of the schoolroom. 

* Chapter 538 of the Laws of 1887, entitled " An act in relation to health and decency in the school 
districts of this State," is as follows: 

"Section 1. From and after the first day of September, 1887, the board of education, or the trustee 
or trustees having supervision over any school district of this State, shall provide suitable and con- 
venient water-closets or privies for each of the schools under their charge, at least two in number, 
which shall be entirely separated each from the other, and having separate means of access, and the 
approaches thereto shall be separated by a substantial close fence not less than seven feet in heij^ht. 
It shall be the duty of the officers aforesaid to keep the same in a clean and wholesome condition, and 
a failure to comply with the provisions of this act on the part of the trustees shall be sufficient grounds 
for removal from office, and for withholding from the district any share of the public moneys of the 
State. Any expense incurred by the trustees aforesaid in carrying out the requirements of this act 
shall be a charge upon the district, when such expense shall have been approved by the school com- 
missioner of the district within which the school district is located ; and a tax may be levied therefor 
Mfithout a vote of the district." 
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To provide fresh air, if an ordinary stove is used, an opening can be made directly 
under the center of the stove, abont 12 by 16 inches, with a pipe fitted to this, run- 
ning into the basement and connected with the outside ; never to be left opening 
into the cellar. This pipe, or wooden box, if preferred, should contain a damper, 
which may be closed at night, and by means of which the supply of fresh air may be 
regulated, depending on the wind and temperature. This pipe under the stove 
should extend to within 4 inches of the bottom of the stove, and should be fitted 
with a flange running over the entire bottom of the stove and projecting 2 inches 
beyond on loth sides, with an edge turned up about 3 inches, so as te give an upward 
direction to the air as it becomes heated by the bottom and sides of the stoves. 

When a furnace is used, a much better supply of heated air can always be furnished, 
but the fresh-air supply should always be connected with the outside, and never be 
taken from the cellar or schoolroom itself, as the air from either of these places 
would endanger the health of the occupants. 

The principles involved in the foregoing are the same to be used in a building of 
two, four, six, eight rooms, or of any size whatever. They may be briefly enunciated 
as follows : 

1. Two hundred cubic feet of air should be allowed for each scholar, provided the 
air is changed continuously.* 

2. The foul air should be taken out of the rooms at or near the floor. 

3. The ventilating flue should be of sufficient capacity to take out the foul air. 

4. The ventilating flues should always be heated to be of any value in exhausting 
air. 

5. The supply of fresh air must be warmed, and the amount of fresh air must be 
sufficient to compensate for that taken out by the foul-air shaft. 

SU60BSTI0NS. 

1. When furnaces or indirect steam is used in the construction of new buildings, 
the warm fresh air in the schoolrooms should be admitted above the children's heads. 
In the cloakroom or hallway there should be one or two registers placed in the floor 
for the purpose of drying and warming feet and clothes ; but unless absolutely neo« 
essary, these should never be placed in the floor of the schoolroom, as there is noth* 
ing more disagreeable than the odor of drying boots and clothes in a room used for 
daily school work. 

2. If school trustees, parents, and teachers really understood how much more 
mental work can be done in a schoolroom properly supplied with fresh warm air 
than in a room where the air has become vitiated and unfit to breathe, a month 
would not elapse before some adequate provision would be made in this direction. 

3. It is estimated by competent authorities who have gathered the statistics, that 
vitiated air in the houses of our citizens causes 40 per cent, of the deaths annually 
occurring. 

4. Every schoolroom should be provided with a series of the lime-water bottles, 
showing the per cent, of vitiated air and determining when it is dangerous. A series 
of such bottles are inexpensive, and at the request of the Association of New York 
State School Commissioners have been prepared and may be obtained by applying 
to C. W. Bardeen, of Syracuse. 

I hope that these suggestions may prove of value to the teachers and school trus- 
tees of our State, and trust that they may be the means of urging upon those in 
authority the necessity of furnishing our children with that which they need in 
order to do good work, and which may be had freely at slight expense. — E, H» Cook. 

* Accordiog to the reoommendatioii of the State Board of Health of New York. 
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LIGHT AND EYESIGHT. 

Oonvincing argnments, supported by statistics, have been advanced by eminent 
writers, directing attention to the injurious influences of too much school work and 
insufficiently lighted schoolrooms npon the acnteness of vision, but unfortunately 
little attention has been given to remedying an evil which has incapacitated thou- 
sands of children for the comfortable enjoyment of one of the most important of 
the senses. Properly lighted schoolrooms promote a healthy influence upon the 
faculty of visual application. Oood light is indispensably necessary for the com- 
fortable exercise of the power of vision, and any architectural interference with the 
manner of introduction and distribution of the same is injurious to the eye and prej- 
udicial to health. It is during the period of school years that the eyes of children 
are prone to lose their acnteness, thereby becoming more susceptible to influences 
tending to a development of refractive disturbances. The golden rule for the guid- 
ance of teachers is to refrain from overburdening the eyes with school work requiring 
long and close application, but the observance of this rule is of little consequence, 
if, in the architectural design of school buildings, the fact that good light is essen- 
tial to acute vision and favorable to good health is overlooked. Light is one of the 
abundant gifts of God to man ; its presence is essential to the faculty of seeing ; it 
is an important factor for the preservation of vision, and it is a pity that, by the 
abuse of its virtues, a single eye should be robbed of its normal acnteness. The 
wrong done to children by exacting proficiency in a curriculum of high standard, 
under the injurious influences of too much school work and a faulty arrangement of 
light-supply, can no longer be ascribed to ignorance on the part of the teacher, or a 
want of the knowledge of construction on the part of the architect ; and if, in the 
future, the much needed reform of less school work, aided by a proper and well-reg- 
ulated supply of light, be inaugurated, it will do much to lessen the large percentage 
of refractive errors acquired during the period of school life. The quantity of light 
introduced into schoolrooms should be of sufficient strength to fully stimulate the 
faculty of vision. If necessary, space and symmetry of schoolrooms should be sacri- 
ficed to architectural plans best calculated to afford such light that will make the 
visual act a pleasure and not a burden. Methods adopted for the introduction of 
light in school buildings should be perfected to a degree admitting of complete con- 
trol of the quantity required and the regulation of the same. Special attention 
should be given to tho location and size of windows, the quality of glass, and the 
mounting of the same in a manner that will not interfere with the transmission of 
light by the reflection of shadows. Low windows should be condemned, and the 
windows covered by hangings or shades that will admit of controlling the light, so 
that the supply may be Introduced from above and not from below. The appliances 
by which light is admitted and tempered should, in color, be of neutral tint, so as to 
protect the eyes from the annoyance of reflecting effect. Light should not be so 
sparingly admitted as to be insufficient for the purposes required, nor too strong to 
be trying or dazzling to the eyes. 

The source of light-supply in school buildings should admit of being so governed 
as not to come from opposite directions. Seats and desks should be so arranged that 
the quantity of light required should come from above and from the left side. Plate 
glass of equal density, clear and free from flaws and irregularities, is best calculated 
for the free transmission of light. The custom of introducing windows of tinted or 
cathedral glass may add to the appearance of school buildings, but possesses the dis- 
advantages of diminishing the intensity of light and altering the equality of its 
elements. The walls and ceilings of schoolrooms should be tinted in colors, prevent- 
ing any glaring effect, and, under all circumstances, the effiect of light upon the eye 
should be soft, free from glare, and of sufficient strength to see with clearness and to 
admit of study with comfort. — Herman JSendelly M. D. 
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Blackboards. 

EXTENT. 

Blackboards should extend entirely around every schoolroom. It is better that 
the top should be 6^ feet from the floor, to enable the teacher to place work on 
the blackboard to remain from day to day. For the use of the young children the 
boards should reach to within about 2 feet from the floor. This will give a vertical 
width of blackboard surface of about 54 inches. 

MATERIAL. 

Slate boards have frequently seams, are noisy, and, from the expense, schools fitted 
with stone boards usually have a very inadequate supply. 

Wooden boards are noisy and generally very unsatisfactory. 

Neither slated plaster walls nor blackboard plastic materials seem to wear well. 

Paper boards have been in use for nearly 20 years, and when properly constructed, 
are as durable as the walls themselves, and delight all who use them. 

HOW TO MAKE PAPER BLACKBOARDS. 

When a new building is to be erected, let the walls be plastered in the usual man- 
ner, except that the flnal coat, instead of being composed only of lime-putty %nd 
plaster of Paris should contain also snfficient good sharp sand to make a very hard 
surface, and it must be troweled till perfectly smooth. 

When the plaster is fully dry, it is ready for the paper. Select manilla paper of 
medium thickness, not thick, having a good, smooth, calendered surface. Spread 
the paper cut to the appropriate size on a clean floor, and wet it with cold water, using 
a clean whitewash brush ; apply good cooked flour paste (cold) ; lay the paper on 
the wall and smooth it down with a brush, as in ordinary paper-hanging. A soft 
cloth can be used instead of a brash. Nail a neat molding around the edge. 

When dry, apply any good slating, and the next day rub the slating with fine sand- 
paper. Apply two or three coats in the same manner, rubbing each coat as the first. 
If the slating is of good quality, the boards, though constantly used, will not need 
to be reslated within 2 or 3 years. It is probably economy to apply three or four 
coatings of slating at first, as it will prove far more durable. Old cement boards or 
slated walls, if they are reasonably solid, may be cheaply converted into good boards 
by first filling smoothly any cracks and holes by a mixture of lime-putty and plaster 
of Paris, and then applying paper, as described above. Paper will not adhere to 
thick coats of whitewash. If old walls are loose and shaky they should be replaced 
by new ones and then papered, as in new walls. 

Boards should not he washed, but can be well cleaned with a piece of dry flannel. 

If the erasers are made of a material which will hold the dust, and they are dusted 
every day by striking them against a board out of doors, there will not be very much 
annoyance from crayon dust. — H. B. Sanford, 

School Desks. 

Double desks cause the spread of vermin and disease, and the contamination of 
the pure, by close relationship with immoral seat-mates ; the amount of genuine 
study is lessened, and the need of disclipine is increased by children sitting together 
at the same desk. The best schools have generally adopted single desks, and no 
double desks ought to be purchased. 

In the matter of adaptation to the needs of the schoolroom, comfort and appear- 
ance, the best school furniture now leaves little to be desired, and the best will, in 
the end, be found the cheapest. 

Great care should be exercised to adapt the height of seats and desks to the size of 
the children who are to occupy them. — R. R. Sanford, 
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God watcheth the reapers 

That harvest His grain ; 
Soon He will reward you ; — 

Joy ! joy for your pain." 

Hark I hark ! 'T is the night-wind 

How welcome its song ! 
List ! list to its teaching : 

'' Peace cometh ere long. 
Wait ! labor with patience ! 

Darkness soon will be past ; 
Day dawn with great glory ; 

Joy crown you at last." 



THE NEW NORMAL SCHOOL BUILDING AT^ 

BRID GE WA TER. 

PRINCIPAL ALBERT G. BOTDEN. 

MASSACHUSETTS was the first state on this continent to • 
establish normal schools for the training of teachers for 
her public schools. 

The school at Bridgewater was one of the first three state nor- 
mal schools in America. It was opened in September, 1840, and 
its first principal was Nicholas Tillinghast, a graduate of the 
United States Military Academy at West Point ; a man admirably 
adapted to this pioneer work, whose strength of character, and 
untiring efforts for thirteen years established the school upon a 
broad, deep foundation. 

Marshall Conant was the second principal, who continued the 
good work of his predecessor for seven years. He was then suc- 
ceeded by the present principal who is now upon his thirty-second 
year in this service. 

The first six years of its life the town of Bridgewater provided 
the school with a home in the town hall. In August, 1846, the 
school moved into a new building, the first one on this continent 
erected for a normal school, a plain edifice of the Tuscan order, 
64 X 42 feet, two stories in height, constructed of wood and cost- 
ing 18,000. 



EDUCATION. 



The growth of the school made it necessary to enlai^ this 
building in 1861, again in 1871, and still a^in in 1881. At the 



end of fifty years the school had outgrown all these enlargements 
and the new building shown by the cut above, a large and hand- 
some edifice, was erected. 

It is a massive structure eighty-eix feet in front by one hundred 
eighty-seven feet in length, three stories in height above the base- 
ment, and stands on the westerly side of a square of three acres 
which is bounded by School, Summer, Grove, and Maple streets. 
It has a commanding position, eighty feet back from School street, 
on which it fronts, and faces north-east so that the sunlight comes 
into every room. It rests on a foundation of Quincy granite. 
The walls are faced with water-struck brick of a rich red color, 
and the limits of the stories are marked by bands of mottled, buff 
brick, capped with blue marble from West Rutland, Vermont. 
The architects, Messrs. Hartwell & Richardson, of Boston, have 
shown excellent taste in the design of the building, and the con- 
tractors. Darling Brothers, of Worcester, have constructed it in 
the most thorough manner. 

The front entrance is through an open porch with three massive 
arches into an ample vestibule, from which stairways ascend on 
each side of the porch in cylindrical towers. A corridor, spanned 
by eight fine arches, extends through the middle of the entire 
length of the building to the southwest entrance. There is a 
third entrance into the corridor at the middle of the west side 
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through an open porch. Stairways ascend from the western en- 
trances to the attic, affording a safe egress from all parts of the 
building. The north half of the first floor is occupied by the 
ladies' cloak-room, gentlemen's coat-room, two rooms for the libra- 
ry, and a retiring room for the lady teachers and pupils. 

The remainder of the first floor, including four large rooms with 
three smaller class-rooms adjoining, is devoted to the model school, 
composed of four primary grades an,d four grammar grades, and 
numbering one hundred and seventy-five pupils. 

The basement story is one-half above ground, and a corridor 
extends lengthwise through the middle of it. It includes lunch- 
rooms for the students who come daily on the cars, and toilet 
rooms for the normal students ; play rooms and toilet rooms for 
the model school ; the fan room and the heating chamber, store- 
rooms, and the gymnasium 29 x 71 feet, with its dressing-rooms 
adjacent. 

Ascending to the second floor, from the vestibule, are two pas- 
sage ways leading to toilet rooms for the gentlemen and lady 
teachers, the principal's room, and the assembly hall, a beautiful 
room which extends entirely across the building, eighty-two feet 
in length, fifty feet in width, and seventeen feet in height, seating 
two hundred and fifty students. At the middle of the south side 
of the hall a double door opens into the corridor leading to the 
class-room for languages, four large laboratories for the natural 
sciences, two teachers' laboratories, an apparatus room, and the 
library for text-books. 

The front stairways lead to a corridor extending lengthwise 
through the middle of the third floor. This floor includes, on the 
right, the principal's class-room, a double room for drawing, the 
two chemical laboratories, elementary and advanced, with the teach- 
er's laboratory between ; on the left, two class-rooms for mathe- 
matics, one for vocal culture and reading, the physical laboratory, 
and lecture room, with the teacher's laboratory between them. 

The rooms are large, light, sunny, fitted with tables and chairs, 
drawers, cupboards, and cabinet cases, arranged in the best man- 
ner for practical work; The institution has large collections of 
working specimens, and cabinets of classified typical specimens 
for use in the daily work. 

The building is heated and ventilated by the fan system. The 
air is driven into the rooms, and but through four large ventilat- 
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ing shafts. The rooms are kept at a uniform temperature by the 
Johnson heat regulator. 

In the simplicity of its arrangement, its adaption to school wants^ 
and in all its appointments it is a model building of which the 
state may justly be proud. Its cost is $150,000. 

The school has a notable history, an able corps of instructors, 
and offers excellent advantages to men and women who desire 
training for the teacher's profession. 



THE OLD AND THE NEW IN EDUCATION. 

BT JESSIE H. ANDERSON. 
Author of *' L4$son$/or a Firtt Tear in SngUih Orammar.** 

IN his essay on Culture, Emerson remarks that after visiting the 
Exhibition of the Industrious Fleas, the hardiest skeptic will 
be forced to belief in education. If the somewhat limited intel- 
lect of the brightest flea be measured against the mentality of the 
stupidest child you know, it will seem worth while to educate 
the child. And if you may expect a proportionate degree of gain,, 
the result is quite incalculable. 

But in these days and in this country, the question is a differ- 
ent one ; not. Is general Education worth while ? but. What direc- 
tion shall it take ? 

Every one nowadays who talks about education at all asks what 
the Greeks did. Macaulay puts the answer into a short, vivid 
paragraph : 

" Books, however, were the least part of the education of an 
Athenian citizen. Let us, for a moment, transport ourselves in 
thought, to that glorious city. Let us imagine that we are enter- 
ing its gates, in the time of its power and glory. A crowd is 
assembled round a portico. All are gazing with delight at the 
entablature, for Phidias is putting up the frieze. We turn into 
another street; a rhapsodist is reciting there; men, women, chil- 
dren are thronging round him ; the tears are running down their 
cheeks ; their eyes are fixed ; their very breath is still ; for he is 
telling how Priam fell at the feet of Achilles, and kissed those 
hands, — of the terrible, — the murderous, — which had slain so 
many of his sons. We enter the public place ; there is a ring of 
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youths, all leaning forward, with sparkling eyes, and gestures of 
expectation. Socrates is pitted against the famous Atheist from 
Ionia, and has just brought him to a contradiction in terms. But 
we are interrupted. The herald is crying — ' Room for the Pry- 
tanes.' The general assembly is to meet. The people are swarm- 
ing in on every side. Proclamation is made — ' Who wishes to 
speak ! ' There is a shout, and a clapping of hands ; Pericles is 
mounting the stand. Then for a play of Sophocles ; and away to 
sup with Aspasia. I know of no modern university which has 
so excellent a system of education." 

Now its excellence lies in two points ; its wideness of range, 
and its immediate interest; and the combined result is a wide- 
awake type of mind. 

Accordingly it is not in the lack of books, that we are to copy 
the Greeks, or in any other circumstance which could not hinder 
but did not cause their success ; nor is their only lesson for us, to 
bring physical culture into the foreground, as certain base-ball 
nines would have us imagine ; but we must infuse into our educa- 
tional life these two elements ; we must make education liberal, 
and we must make it of immediate interest. 

Practically these requirements are both met in the study of the 
questions of the day. The Athenian boy felt that he must help 
decide the questions of his day; and these were never mere 
matters of speculative criticism, but always of decisive taste and 
judgment. Not, Is this play, or this statue, justifiable on abstract 
principles of art ? but. Shall we accept or reject it ? Not simply, 
Is this oration good oratory ? but. Will its proposed measures avert 
public calamity ? 

Our present questions are not less wide or less absorbing. But 
the attention of our youth is divided, and a large share necessarily 
given to work that is distinctly literary or abstractly critical. 

Our plea now is just this : Let a fair share be given to the 
study of the latest thought and the latest attainment. 

In the region of books, — our boys and girls must be trained to 
use the taste already cultivated by the best classical literature in 
the discriminating study of what our best modern writers are 
doing, — in poem or novel or magazine article. They must under- 
stand once for all that the new is not the old, and not an imita- 
tion of the old; they must see that the difference is vital; they 
must be trained to help on the tendency in it that is good, and to 
fight the tendency in it that is bad. 



166 EDUCATION. [Norember, 

For instanoe, our fiction is depending less on plot and more on 
metaphysics. Here is a distinct tendency, on the one hand, to 
make morbid writers and morbid readers. We have the novel 
that depicts the heroine's spiritual struggle over a mood of the blues 
in the tragic colors of Aeschylus. Our young people should be 
educated to the point where they will put this book aside with 
voluntary disgust. The other side of the tendency is to displace 
tile old thirst for royal pageants and masked knights by an inter- 
est in the every-day and trivial lives of commonplace people. 
Our youth must be trained to get this best thing out of modern 
fiction^ and to enjoy Miss Alcott's lAtUe Women and Mr. Howells' 
short stories for boys. 

Again, our science is so changed from the old as to be almost a 
new factor. The literature of science has been wonderfully sim- 
plified, and there is hardly a department that does not offer books 
full of absorbing interest to boys and girls ; from Miss Merriam's 
Bird9 through an Opera Glass to Prof. J. B. Clark's charming 
little work, T?ie Philosophy of Wealth, which makes perfectly clear 
to an intelligent boy or girl of sixteen, the fundamental principles 
of that most complicated and abstruse chapter of science, political 
economy. 

To enjoy these books and to be educated by them, our boy or 
girl must be trained to put down the book that makes the subject 
entertaining at the expense of truth or depth ; and take keen 
pleasure in the one that develops his eye-sight and his ear-hearing 
and widens his thought. Such a boy or girl will have all the best 
qualities of the Athenian intellect; he will be awake to the 
pleasure given him to enjoy in his natural life, as he listens to 
the bird-songs or revels in the color of the worm or the form of 
the weed-blossom. He will have the Athenian interest in ques- 
tions of state, for his political science will make him listen to his 
father's talk on the labor debate. And his geography and geolo- 
gy will inform him that the world is large around him and has 
been long before him. 

In religion this recognition of what is good and what is bad in 
new movements is most important. The tendency to change is 
strongest here ; the good must not be lost in rejecting the bad. 
The worst in the tendency is to do away with faith in the super- 
natural; the best in it is to simplify creeds and to make our 
religion clearer and more reverent, as scientific method clarifies 
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our thought and r3veals more fully the wonders of the super-, 
natural. 

Professor Drummond's address on The Greatest Thing in the 
World is the outcome of a religious reverence deepened by sciep- 
tific research and simplified by scientific training. 

But if we are to get the best out of Athenian culture, we must 
not neglect the more specific forms of artistic study ; and no one 
can doubt the wisdom of introducing some of this training into 
every child's school-life. 

The kindergartens are taking the early steps in this direction* 
They give the little ones a chance for developing their taste in com- 
bining colors, and their skill in using lines and curves ; the chil- 
dren mould the soft clay into simple forms, and draw easy out- 
lines or learn to produce light-and-shade effects with their bits of 
charcoal. 

Sometimes in the higher schools the pupils are taught enojigh 
of the principles and practice of drawing and painting and mod- 
elling to appreciate a "finishing year" on the history of art; all ' 
this must give them some insight into the value of art-galleries 
and some correct appreciation of the best pictures and statues 
everywhere. 

In a few schools a like training is offered in musical study. 
Beginning with the most simple reading and singing of well ^ 
selected exercises, with frequent musicales — in which a good per- 
former may play selections of the choicest classical piano-music or 
render vocal numbers, accompanying the exercise with short lec- 
tures and comments, — after a few years the result will be quite 
remarkable. A whole senior class, though only a few members 
have taken special courses in vocal or instrumental practice, will 
be found able to tell good music from bad ; to appreciate the best 
qualities of the music and of its rendition in a good recital. 

In the more strictly technical parts of education, there is no 
tendency to neglect current methods. The farmer has his new 
combination cutter, reaper, and binder, and the census-maker has 
a slot-machine. The typewriter and the reporter are not often an 
hour " behind the times." 

Everything that is new seems to be trying to "break the record" 
in point of time ; and in these days, of those two mottoes that 
used to hang on the walls that surrounded our early educa- 
tional processes, Knowledge is Power has fallen face down- 
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ward to the floor ; while its rival, Time is Money holds sway over 
every ambition. But only when some sort of balancing is 
effected between these opposite forces, will education — conserva- 
tive in what is good and progressive in what is good — become 
symmetrical. 



VON ASBETH ON THE CLASSICAL QUESTION. 

SPEECH IN THE HUNGARIAN DIET, BUDAPEST. 

( TraiMUiltd from iht Oerman in Padagogium.) 

BT D. LANGE, ST. PAUL. 

IF educators throw the study of Greek, that is, the ancients 
themselves out of the Mittelschule,* which means out of the 
national education, then they rob the nation of something which 
no other study can supply. 

Then at a time in which even religious ideas are shaken, there 
will arise a generation that has lost all connection with the past, 
a generation that will deem it useless to inquire where their 
grandfathers were buried, and will much less care to know for 
what they lived or died. 

A generation will spring up, gentlemen, who, from the lofty 
height of their enlightenment, will look down with pity and dis- 
dain upon the antiquated prejudices of their ancestors. And 
with strictly logical sequence, this generation must sooner or later 
arrive at the conclusion that reverence for parents can rightly be 
demanded only as long as parents are directly useful. Thus will 
come into existence a society that is indifferent alike to the past 
and the future, a society whose only ideal will be pleasure, ease, 
and "pocketable " gain. 

And when this Americanism, this western materialism and 
greed of gain, without the feverish activity of the West joins 
hands with Oriental indolence without the frugality and content- 
ment of the East, as would happen here ; then, gentlemen, noth- 
ing but a degenerate race can be the result of this connection, but 
never a nation. 

The Hungarians, gentlemen, in accordance with their number 
and proud spirit, will not stoop to play any other role but that of 

* By Mittelschule are understood the Gyinnaaium, the Bealschule, and similar instl- 
tutlons. 
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a nation. It is my conviction that Hungary would make a most 
serious mistake to imagine that she would be able to exist as a 
state of second or third rate, not minding her neighbors and not 
being minded or disturbed by her neighbors. It would be impos- 
sible for us, taking into consideration our geographical and ethno- 
graphical position and our comparatively small humbers, to 
maintain an independent state in this part of Europe where we 
are forced to live and die. A so-called neutral middle state has 
never been able to exist for any length of time in southeastern 
Europe. Hungarians will either occupy a fitting position in a 
large empire upheld by themselves, or they will become merely a 
suppressed and insignificant nationality. Intellectual excellence 
only, the greatest exertion put forth in this direction, can counter- 
balance our inferiority in numbers. 

But with this mission, gentlemen, it does by no means agree 
that we exclude from our national education those studies in 
which intellectual excellence shines forth most splendidly, which 
teach the knowledge of the human he^rt and the human* soul, the 
progress and destiny of man to a degree never attained by other 
subjects. 

Gentlemen, we need not underrate our own time. This age, 
with its technical achievements, with its inventions which from 
day to day revolutionize our mode of life, calls forth our admira- 
tion. This age deserves indeed to be called great on account of 
its irresistible energy and activity. But it is evident that an age 
of electricity, of overland flyers, of " Zonetariffs," of the nerve- 
attacking telephone, cannot be a time of intellectual concentra- 
tion. It cannot be a favorable age for harmonious contemplation 
on man and the world in general. The ancients, on account of 
their far more simple conditions of life, were in a far better posi- 
tion to reflect and meditate on man himself. This is the reason 
why the fountains of wisdom, of law and art are principally found 
in Greek civilization, beside which even the Romans present only 
an imitation, a second-hand civilization. Even ourmaterial devel- 
opment draws on these treasures today. I grant that we have 
gained much new information and gain more every day, but 
scarcely have we evolved any new ideas. Through this intel- 
lectual concentration the history, the law, and the arts of the 
Greeks became so instructive, so sublime, through this the under- 
standing of man's heart and soul grew so deep and true. All 
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this, however, can only be assimilated as long as the battle of life 
has not disqualified us for receiving deep impressions. In later 
life harmonious mental concentration becomes impossible. After 
the strong passions of youth have arisen, when the battle for 
existence must be fought, after the daily routine of two times two 
is four, after the coarse prose of cash gain have entered a man's 
life ; then it is too late to assimilate all this. And even if one 
were to attempt it, yet it would only be done with much greater 
labor, exertion and loss of time, or only through the medium of 
stale, insufficient translations. 

Finally, gentlemen, to say that the mental exertion is too much 
for us Hungarians, that, gentlemen, is a downright pernicious 
argument, an argument nipping national ambition in the bud. 
That would not be the proclamation of intellectual vigor, but of 
intellectual inferiority ; it would not only be abandoning the mis- 
sion to lead others, it would be surrendering our place among civ- 
ilized nations. 



THE RISE OF MATHEMATICS IN THE UNITED 

STA TES. 

BT PROF. FLORIAN CAJORI, COLORADO SPRINGS, COL. 

THE success attained during the last fifteen years in the study 
of higher mathematics in the United States adds general 
interest to a survey of the path of ascent to the present elevated 
position occupied by American mathematicians. This ascent has 
been a slow one. During the years past the genius of the Ameri- 
can people was exercised mainly in achieving material progress 
and the cultivation of pure science was neglected. 

That mathematics did not flourish during colonial times is not 
surprising. When Harvard College was founded, in 1636, mathe- 
matical research in Europe was fostered by such master-minds as 
Cavalieri, Torricelli, Pascal, Fermat, Roberval, Descartes, and 
Wallis, but as yet it had hardly reached the universities of Europe 
In Cambridge, England, '' there were no mathematical studies at 
all at that time . . . and none to give even so much as a,dvice 
what books to read." Need we marvel that Cambridge in New 
England was not mathematical from the start? The fountain 
could not rise higher than its source. It must be remembered^ 
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moreover, that since the prime object, of Harvard and other 
American colleges was to train yonng men for the ministry, much 
attention was given to ancient languages and metaphysics, while 
mathematics was neglected. Thus, before the middle of the 
eighteenth century, no mathematics whatever was required for 
admission to Harvard and Yale, nor was it studied except during 
the last year of the college course, when the budding theologians- 
did homage to the mathematical science by the study of arithme* 
tic, elementary geometry (consisting chiefly of a course in sur- 
veying) and a little astronomy. Some time before 1750, mathe- 
matics was, at least, dethroned from its august position as a senior 
study and assigned an humbler place at the beginning of the college 
course. No mathematics whatever was required for admission at 
Harvard until 1803. At that time students began to be examined 
in arithmetic "to the Rule of Three." In most other colleges, 
this requirement began to be made at a much later date. 

Algebra was an unknown science in America during early colo- 
nial days. It appears to have been introduced at Yale in 1742. 
and at Harvard at about the same time. But at a still earlier 
date (on or before 1724) it appeared in the course at William and 
Mary College in Williamsburg, Virginia. Favorite text-books in 
New England colleges from about 1700 to about 1776 were 
Alsted's Geometry, Euclid's Geometry, and John Ward's Mathe- 
matics. All these books were imported. The era for the writing 
and printing of college text-books in the United States had not 
yet begun. 

Newtonian ideas were slow in finding their way into the new 
world. To be sure, at Yale that young and progressive tutor, 
Samuel Johnson (afterwards president of King's, now Columbia 
college) taught the Newtonian doctrines between the years 1715- 
and 1722. He mastered them from a copy of Newton's Principia 
which was in a collection of books made in England for the col- 
lege, and which furnished him with a " feast of fat things." Soon 
after the departure of Johnson, a retrograde step was taken by the 
adoption at Yale of the Physics of Rohault, a follower of Des- 
cartes. The edition used was that of Samuel Clark, an English- 
man who added numerous notes with a view of bringing the Car- 
tesian system into disrepute by exposing its fallacies. The same 
work was used at the university of Cambridge, England. At 
Harvard, Gassendi's astronomy was used in 1726. Thus, forty 
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years after the publication of Newton's Principia, an astronomy 
was used in Harvard, the author of which died before the name 
of Newton had become known to science. In 1748 the complete 
victory of Newtonian ideas at Yale (and at about the same time 
at Harvard) is seen in the adoption of Gravesande's Philosophy 
as a text-book. 

During colonial times no original work was done in this country 
in pure mathematics, but some interest was shown in astronomy. 
The most distinguished astronomer of this period was David Rit- 
tenhouse of Germantown, Pa. He was entirely self-taught and 
one of the very few men of his time who pursued science out of 
pure love for it. On the third of June, 1769, he observed the 
transit of Venus in a temporary observatory constructed by him- 
self, and he took notice of one phenomenon which escaped the 
attention of everybody else ; namely, when the planet had ad- 
vanced about one-half of its diameter upon the sun, that part of 
the edge of the planet which was off the sun's disc appeared illu- 
minated, so that the outline of the entire planet could be seen. 
That proves that Venus has an atmosphere. This observation of 
Rittenhouse excited no attention for nearly a century, until it was 
at last confirmed by other astronomers. Rittenhouse was cele- 
brated for the wonderful orreries which he constructed. 

The progress of mathematics since 1776 may be divided into two 
periods, the Influx of English mathematics and the Influx of 
French mathematics. With the first period began the writing and 
printing of mathematical books among us. The number of arith- 
metics alone, printed before 1820, exceeded sixty. Many books 
were reprints of English works. All American compilations were 
modelled after English patterns. The English algebras of John 
Bonnycastle and Thomas Simpson, Robert Simson's and Play- 
fair's editions of Euclid, Vince's Fluxions, and Button's mathe- 
matics were books found in libraries of American professors. 
The English are thus seen to have been our teachers, although 
they themselves were then far behind the mathematicians of the 
European continent. 

The first American who compiled a course of mathematics for 
colleges was Samuel Webber (1801), professor at Harvard. In 
1814 Jeremiah Day of Yale began the publication of a popular 
mathematical series. These series did not include fluxions. Oc- 
casionally students advanced far enough to enter upon the ele- 
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menta of that subject, but this was of rare occurrence. During 
this period, mathematical instruction was still very inferior in 
quality. As a rule pupils took no interest in mathematical 
studies. The professors themselves never felt the glow of a new 
idea and were, often, quite incompetent. The text-books taught 
rules rather than principles. 

In 1804 was started the Mathematical Correspondent^ the earliest 
mathematical journal in this country. Like several other periodi- 
cals which sprang into existence soon after, it had only a sliort 
life. These periodicals were devoted almost exclusively to the 
solution of elementary problems and were, therefore, of merely 
educational value. Nothing in them added to the stock of math- 
ematical knowledge, excepting a paper by Robert Adrain in No. 
IV. of the Analyst^ containing deductions of the Law of Proba- 
bility of Error in Observations. This law was first stated in 
printed form by Legendre in 1806, but Adrain, working independ- 
ently of Legendre, was the first to publish proofs of this law, of 
which he gave two. Until recently Adrain's work was quite 
unknown. 

The most distinguished mathematician of this time was Nathan- 
iel Bowditch. Like David Rittenhouse, he was never in college 
either as teacher or pupil, but was wholly self-taught. He may 
fitly be called the- morning-star of American mathematics. With 
him began a new epoch, the influx of French mathematics. 
Trained in the school of poverty, possessed of indomitable energy, 
he mastered, while on long sea-voyages as a sailor, one branch of 
mathematics after another. Later in life he was an officer of insur- 
ance companies. He was the first American to study French 
works. In 1801 he published his " Practical Navigator " and in 
1829 began the publication of his translation and commentary of 
Laplace's M^chanique Celeste. At this time French and Swiss 
authors came into ascendency among us. Professor Farrar of 
Harvard translated Lacroix's Algebra, prepared an introduction to 
the elements of algebra selected from the algebra of Euler, trans- 
lated Legendre's geometry, Lacroix's Trigonometry and Bezout's 
Differential and Integral Calculus. These books appeared be- 
between 1818 and 1824. At this time Euclid came to be discarded 
almost everywhere in favor of Legendre or similar works. In the 
United States Military Academy at West Point,, the most promi- 
nent professors were French and Swiss, or Americans who had 
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studied in France. The course of study at that institution was 
modelled somewhat after the courses at the Polytechnic school in 
Paris. The United States Military Academy was, during this 
period, the most influential mathematical school in the country. 

The period of the influx of French mathematics, which began 
about 1820, was a bright one as compared with the preceding. 
Mathematical journals now occupied a higher level of merit. 
Marked improvements were made in the text-books and in meth- 
ods of teaching. Pestalozzian ideas found their way into elemen- 
tary schools. The introduction of the black-board doubled the 
instructor's power of teaching. The government established the 
United States Coast Survey, of which Ferdinand Hassler, trained 
in the niceties of this line in Switzerland, was first superintend- 
ent. This work has been carried on with a high degree of effi- 
ciency under Alexander Bache and the later superintendents. 
An astronomical observatory was founded by the government in 
Washington in 1842. Before this time Congress had repeatedly 
refused an appropriation for an observatory. Once President J. Q. 
Adams, in one of his messages, urged this matter upon Congress, 
saying that in Europe there were "upward of 180 light-houses of 
the skies," while in America there was not one. His eloquent 
appeal was received with a torrent of ridicule ; and the scheme 
to establish a light-house in the skies became a common by-word of 
reproach. It need hardly be said here that in later years the 
United States government has been very liberal in the aid of 
science. 

Notwithstanding this progress in various directions, the achieve- 
ments were small indeed as compared to those of European coun- 
tries. Ours was not the glory of the sun, but of the moon, we 
imitated the French in some of their text-books, but we failed to 
catch their enthusiasm and to display originality of thought. 
The only really prominent mathematician of this period was 
Benjamin Peirce, professor at Harvard (died 1880). Professor 
Arthur Cayley calls him the father of American mathematics. 
His text-books for colleges were concise and elegant, and so full 
of novelties that they never became widely popular. A much 
wider circulation was enjoyed by the works of Charles Da vies and 
Elias Loomis. Peirce's Analytical Mechanics is an advanced 
work of much merit. His memoir on Linear Associative Algebra 
secures for him lasting fame. It is by far the most important 
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original contribution to pure mathematics made in this country. 
Peirce did much work in mathematical astronomy. Distinguished 
in this line were also William Chauvenet, the author of a Spheri- 
cal and Practical Astronomy, of a Trigonometry, and of an ele- 
mentary geometry (all excellent works), — and James C. Wat- 
son, author of a Theoretical Astronomy. 

It was a fortunate circumstance for the progress of mathemat- 
ics in the United States that when Benjamin Peirce was near his 
grave, there came to our shores an eminent mathematician to give 
jiew impetus to mathematical studies. This man was Prof. James 
Joseph Sylvester, who in 1876 came to the Johns Hopkins univer- 
sity in Baltimore, and during his seven years' stay there, by his 
genius and enthusiasm, inspired young men for the study of ad- 
vanced mathematics. He was the first editor of the American 
Journal of Mathematics, the first periodical of its kind among us, 
which is devoted to higher mathematics exclusively. Sylvester 
may be said to have inaugurated a new epoch in the progress of 
mathematics in this country. The number of men engaged 
in the study of advanced mathematics at the present time is far 
greater than it was at any previous period, and it can now no 
longer be said, as was said, that but a single important original 
contribution to pure mathematics has been made in America. 



EDITORIAL. 



\\T E are sure our readers will enjoy the feast of fat things which 
VV we are privileged to lay before them this month. Such 
writers as Edward Everett Hale, General Butler, Rev. Wm. M. Thayer, 
and Principal Boyden need no introduction to any American audience. 
The other writers in this number, while less widely known, are all 
able to interest and instruct. 

SOME of our readers have already availed themselves of our offer 
to send Education two years free^ or advance their dates of sub- 
scription two years ^ on receiving a cash order for that choice set of 
volumes — the " Library of American Literature." Turn to the Bulle- 
tin Board and read our offer. 

GEN. BENJ. F. BUTLER, — from whose forthcoming autobiogra- 
phy we are permitted, by the courtesy of the publisher, to publish 
an article — has long been a conspicuous figure. Few living men have 
as many warm friends or more bitter opponents. He has never done 
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things by halves. Whether men love him, or hate him, they will read 
his book, — which will appear the last of this monith, — with absorbing- 
interest. Of the friends of Butler among the warmest are the negroes 
of Virginia. With many of them he holds a place higher even than that 
accorded to Abraham Lincoln. Gen. S. C. Armstrong of the Hamp- 
ton Institute, in a letter which we have just had the pleasure of reading 
vouches for the following : Preparatory to Hampton Institute is the 
'* Jolm G. Whittier school " in which three hundred colored children 
gather daily from the neighborhood. One day General Armstrong- 
went in and began quizzing them : ^^ Children ! who freed the colored 
people?" Up went the little dusky hands. '*Well?" *' Ben But« 
ler." **Who was the Father of his Country?" ''Ben Butler!"^ 
'* Who never told a lie?" Answer, in full chorus, '* Ben Butler! " 

LAST summer for the first time in the history of university work,, 
the University of the City of New York conferred pedagogical 
degrees ; fourteen graduates receiving the degree of Doctor of Pedagogy, 
and twelve that of Master of Pedagogy. The average age of the doc- 
tor's class was over fifty years, but all had been faithful students of 
educational science for four years and had amply earned the honorable 
distinction they received. No class ever graduated from any universi- 
ty since time began, the average age of whose members was so great as. 
this. Most of the members of both of these classes are principals or 
heads of departments in New York and surrounding cities. Since the 
commencement of lectures on pedagogy, four years ago, more than 
five hundred teachers have been in attendance ; a School of Pedagogy 
has been organized and endowed as a department of University work v 
a definite course of study marked out, a good library commenced, free 
text-books pledged, and definite degrees promised. Education is now 
recognized as equal in professional rank to law, medicine, and theol- 
ogy. Lectures are given five days each week at four o'clock, and on 
Saturdays at ten o'clock from October to May, to accommodate those 
engaged in teaching. • This is an auspicious omen for the future of 
pedagogy. 

EDUCATION receives a great many warm words of praise. We 
seldom publish any of these as we think the magazine is abun- 
dantly able to stand on its own merits. But perhaps we may be par- 
doned for quoting the following from the Boston Transcript of Oct* 
17, 1891, concerning the last number: — 

" Larkin Dunton, LL.D., contributes Part V of his admirable, and 
what will undoubtedly prove a standard work on "Moral Education." 
" The Woman Problem," by Elizabeth Porter Gould, is suggestive and 
to the point. Though brief, it contains much valuable information. 
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